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PREFACE. 



The events in a man's life and the progress of the steam- 
engine are so dissimilar, that the reader is solicited to 
pass with the writer over the numerous breaks in the 
thread of the story. The good Trevithick did in his 
generation is found in the extended use of steam-engines : 
in ti-acing their various forms in their applicability to 
numerous purposes, the labour of years has to be re- 
viewed, and each idea may be followed, from its first 
becoming a useful form to its perfect growth, and 
acceptance by the public as a good thing. 

The overflow of Trevithick 's practical designs has 
caused a diflScuIty in fairly defining and estimating the 
facts bearing on each of the particular kinds selected, 
as belonging to understood classes of the steam-engine ; 
while the great importance of his inventions caused 
many engineers to labour on their improvement, both 
during and since his time. 

Engines originating or made commercially service- 
able by Trevithick are given as his, but other engi- 
neers may have a fair claim as improvers of the same, 
or of nearly similar inventions; therefore, at the risk 
of wearying the reader, repetitions of evidence are 
given, that, if possible, a true knowledge may be 
formed. 

The history of the day-by-day life of the man has 
been made subservient to that of the steam-engine : to 
partially restore this break, the reader is asked to bear 
with the frequent introduction of dates. 

Trevithick's correspondence during a great portion 
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IV PREFACE. 

of liis life with his scientific friend, Mr. Davies Gilbert, 
written with tlie freedom of impulsive genius, longing 
for some one person to whom his thoughts might be 
made known, together with a rough draft letter-book, 
used only in his Cornish home during four or five 
years, constitute the ground-work of my history. His 
practical engineering works, nearer perfection in their 
first movements than those of other engineers, and the 
after success and eminence of many who in early life 
were his working assistants, are evidences of his strength 
of character. 

Very little has been written of Trevithick, though 
Mr. Richnrd Edmonds, the late Lord Brougham, Sir 
Edward Watkin, Mr. Enys, Mr. Bennet Woodcroft, 
Mr. Ilyde Clarke, Professor Pole, and others, have 
published outlines, or have collected information ; and 
though they may not have succeeded in making him 
fully known, their labours have lessened mine. 

To the Hon. Mrs. Gilbert I am indebted for the 
numerous letters written to Mr. Davies (Jilbert; and 
amoncr manv who assisted Trevithick bv friendlv acts, 
I observe mention in his papers of Mills, Gittens, 
Wyatt, Banfield, Potter, and the Dartford mechanics. 

Francis Trevithick. 

The Cuff, rKNZANOE, 
April, 187li. 
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CHAPTER I 



Di RI^o maiij centuries 
the wants of tlie mining 
interests of Cornwall 
led to improvements in 
pumping machinery. 
The ancient tin 
^ fj( ' streamer in the Cornish 

valleys used the fall of 
the running stream to 
separate the grains of 
tin from a mass of sand 
and gravel. 

The tin sand of the valleys having all lieen washed, 
the miner followed the mineral vein in its downward 
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2 EARLY COKNISH ENGINES. 

course, and successive miners, working a lower strata, 
were obliged to use pumps or other means for removing 
water from their excavations. Adits were driven from 
the lowast convenient surface level, to assist in drain- 
ing the workings. Every day added to the depth, and 
called for improved machinery. 

The open launder of the tin streamer had been con- 
verted into a close launder or pipe, having a square 
leather bag, attached to a long wooden handle, serving 
as a bucket in the primitive hand-pump, but increased 
depths overtaxed the strength of the square-sided pump, 
and cylindrical wooden pumps were made, bound by 
iron bands. The rag and chain pump then came into 
use, l>eing a revolving or endless chain, moving up 
wards through the pump, having at every two or 
three feet of its length a piston made of a ball of rags 
bound together, or of wood edged witli cloth or Iciither, 
for up to this time valves had not been used. 

The observed fact that water would rise to a certain 
height in a pump, following a well-constructed piston, 
suggested the use of a bottom or stop valve, preventing 
the descent of the water, and also tlie use of a valve 
in the piston or bucket. In 1GG3 the Marquis of Wor- 
cester applied steam to force water up a pijx) ; other 
inventive men varied the metliods and even constructed 
model sti-am-engines, but failed to help the working 
miner. 

The ever-increasing depth and size of the pumps 
required the power of water-wheels and horse-whims 
until alx)ut the year 1702 Savery is said to have erected 
the first sto^im pumping-eugine in Cornwall, of which 
he wrote thus in the * ^liner's Friend ' : — 

" I have known in Cornwall a work with three lifts 
of alx)ut 18 feet oacl), lift and carry a 3.J-inch l)ore ; 
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tliat cost forty-two shillings a day. I dare undertake 
that my engine shall raise you as much water for eight- 
pence as will cost you a shilling to raise the like with 
your old engines in coal pits." 

Savery's boiler was of cast iron. A vacuum was 
formed in a receiver by admitting steam to drive out 
air, and then condensing this steam by pouring cold 
water on the outer surface of the receiver, caused the 
water in the shaft to rise by the weight of the atmo- 
sphere into the void in the receiver'; a valve prevented 
its return, while another valve opened a passage to the 
upcast pipe from the receiver towards the surface of 
the mine; a supply of steam again passed from the 
boiler to the receiver, forcing the contained water 
upwards through the pipes. The only moving parts 
of the machine were the valves. 

This engine illustrated three leading principles of 
the modern steam-engine, — the use of steam to expel 
the atmosphere, its condensation by cold forming a 
vacuum, and the more direct use of steam as a strongly 
expansive manageable agent. 

Savery's engine, requiring to be fixed near the bottom 
of the shaft, or within 30 feet of the level of the water 
to be raised, never came into general use, and absence 
of moving parts made it unsuitable for any other 
purpose than the raising of water, and even for that 
there are not many traces of its practical application. 

In 1705 Newcomen, from Devonshire, combining the 
ideas of others with his own great mechanical genius, 
constructed, or it may fairly be said, invented the means 
of giving motion to a beam by using a cylinder and 
piston. The steam pressure in the boiler was 1 or 
2 lbs. on the square inch above the pressure of the 
atmosphere, sufficient to drive the air out of the cylin- 

B 2 
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der and prepare it for the vacuum. This was known 
as the " Atmosplieric Enj^ine," its power being measured 
by the weight of the atmospliere on a piston, whose 
under side was in vacuum. 

In 1712 such an engine wa,s erected at Griffin War- 
wicksliire which raised a load equal to 10 or 11 lbs. on 
each square incli of the piston. Others followed, and 
many improvements were made. The first steam- 
cylinder was about 23 inches in diameter. 

In 1720 Newcomen erected at Ludgvan-lez, in Corn- 
wall, a pumping engine with a cylinder of 47 inches 
in diameter, working at the rate of fifteen strokes a 
minute. 

The best working engine in Cornwall in 1740 wjis 
at the Pool Mine, interestingly described by Horlase:* — 

*'The most powerful as well as constaut e!i<;iiio liitlierto in- 
vented is the firo-onginc. 

" This engine is now well known to the learned ; but as thoir 
b(K)ks <lo not roach uverywhere, and this nnu'hine is es|)ecially 
M'rviceal)le for th(? workin«x of deep mines, and <»f great advan- 
tage to the public rt?V(»nue, a g(»neral explanation of its principal 
parts, its jHjwers, and profit to the (iovcrninent, may not be im- 
proiKT. The principal meinbei*s of this (Migine are exhibited in 
the engraving annexe<l ; the cistern or boiler T, the eylimler P, and 
the bob O I, turning on an axis which rests in the middle of the 
wall Y. The following is the process of its several operations : — 
The cistern T, full of boiling water, suppliers steam (by means of 
an upright tube and valve which shuts and opens) to fill the 
hollow cylinder P, uud expel the air thnmgh a horiztmtal tube S, 
placed at its bottom. As the steam rises, the piston, which plays 
up and down in the cylinder, rises, and when it is got near the 
top opens a clack, by which cold water is inject<?d, and condenses 
the vapour into nearly the twelve thousandth 8|)ace which it 

* S<* Ibtrhuir'^rt * Xjitunil IIiHt>ry of (x)mwiill,' pub. 175S. 
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before cxxsupied, and the cylinder being then nearly empty the 
piston of iron edged with tow and covered with water (to prevent 
any air from above getting into the cylinder), is driven down 
by the pressure of the atmosphere (with the force of abont 
17 Htn. on every squai-e superficial inch) nearly to the liottom 
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of the cylinder ; at this instant it opens the valve which lets 
in the steam from the boiler T, and then the piston ascends 
till it opens the condensing clack above, which brings it down 
again to open the under clack and admit the steam, and thus 
continues ascending and descending as long as the managers 
think proper ; this process is quick or otherwise, as the steam is 
by increase or subtraction of fire made more or less violent, to 
drive the engine faster or slower. To this piston the end of tlie 
bob O is fastened by an iron chain, and as the piston descends 
in the cylinder P this end of the bob is drawn downwards, and 
vice versa. As the end O is drawn down, the other end of the 
bob I ascends, and by a chain I K draws up with it, from an 
iron or brass cylindrical tube, called a pit-barrel, throngli a tyro 
of wooden pumps, a column of water out of the mine equal in 
diameter to the bore of that tube, and in height to each stroke 
or motion of the piston in the cylinder P, and the sweep of the 
bob I K. Many improvements have lately been added to this 
excellent piece of mechanism, among which I cannot but mention 
one in particular, which is, that as this engine stood formerly, 
if the firemen chanced to nod, the violence of the motion in- 
creasing with the fire, the weighty bob I l>eat, shocked, and 
endangered the whole machine, and the fabric it is enclosed 
in ; but now, when the fire is at the extreme height, and the 
bob begins to beat and strike the spring!?, it lets fall a trigger 
into a notch and stops the injection-cock, and the whole move- 
ment is stopped till the injection of the cold water into the 
cylinder is restored ; so that this engine is now brought to such 
perfection that in a great measure it tends, regulates, frees, and 
checks itself. Several subordinate members, wires, clacks, and 
valves are all moved, o|)ened, and shut by the force of the steam 
and the motion of the piston ; inasmuch as that by enlarging 
.the cylinder and other parts in proportion, few Cornish mines 
are subject to more water than this engine will master. Its 
power js in [)roportion to the diameter of the cylinder princi- 
jmlly, the strength of the steam, and the depth it draws. This 
is the fire-engine which in the year 1740 belonged to the Pool 
Mine and the cylinder's diameter from the outer edge was 
but 3 feet ; but they make them much larger now, and it is 
imagined that if they were still to increase the diameter of the 
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cylinder and make it also shorter than they do now, the force 
would be augmented, and though the column of water exhausted 
would be shorter, yet might this be well remedied by increasing 
the number of tubes, which the greater pressure on the piston 
would easily manage. A cylinder of 47 inches bore at Ludgvan- 
lez-work, in the parish of Ludgvaii, making about fifteen strokes 
in a minute, usually drew through pit-barrels of 15 inches 
diameter, from a pump 30 fathoms deep. The cylinder at 
Herland (or Drednack) Mine, in the parish of Gwinear, is 
70 inches in diameter, and will draw a greater stream of 
water at any equal depth, in proportion to the square of its 
diameter. 

" The only objections to this engine are the great expenses 
in erecting and vast consumption of coals in working it. To' 
obviate these expenses several methods have been suggested of 
increasing the elasticity of the steam and reducing the size of 
the boiler, which can be decided only by experience, and to that 
we must refer them." 

The cylinder, 36 inches in diameter, rested on a large 
slab of stone, which seems to have served as the top of 
the steam-boiler. A hole cut in the stone, having a 
valve in it, was the steam-pipe. The piston. was packed 
with tow ; a layer of water on its top prevented leak- 
age of air or steam. A piston-rod and chain connected 
the piston with the arched head of the wood beam. The 
steam pressure was 1 or 2 lbs. on the square inch above 
the pressure of the atmosphere, and the valves were 
self-acting, enabling the engine to make fifteen strokes 
a minute. If the engineman fell asleep and tlie steam 
l)ecoming stronger made the engine work too rapidly, 
the self-acting gear, by shutting off the injection, caused 
the engine to cease working. 

The boiler is not particularly described, but the 
drawing represents a large caldron or pot of metal 
with a hollowed bottom, under which the fire was 
placed and circulated through mason-work flues aiound 
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the sides. The top of the boiler, being nearly flat, 
was its weakest part, and was strengthened by a stone 
cover, or possibly this stone cover, in the earlier engines, 
formed the boiler-top. 

In 1756, several were at work; about a dozen are 
specified ; one of them at the Ilerland Mine having a 
cylinder of 70 inches in diameter. 

The only objection to the engine is the cost of the 
coal. To lessen this, several methods had been sug- 
gested for increasing the elasticity of the steam^ and 
reducing the size of the boiler. 

Such were the Newcomen atmosplieric open-top 
cylinder steam-engines, among which Trevithick, sen., 
lived, depending mainly on the vacuum and weight 
of the atmosphere for their power, but yet having 
caused the discovery that an increased pressure of steam 
in the boiler added to the speed and power of the 
engine, they only needed an inventor who should 
design a smaller and stronger boiler, to give steam 
of greater elastic force. 

This Pool Mine, now called North Wheal Crofty, 
adjoined Dolcoath Mine, and was within half a mile 
of the house in which Richard Trevithick, sen., lived, 
then a boy eleven years of age. It is more than likely 
that in early manhood he exercised an authority over 
it, for shortly after that period, in 1765, he was the 
manager of Dolcoath, and resided just midway between 
the two mines, both of which were worked under the 
Dedunstanville interest for which Trevithick was the 
agent. In 1746 the Cornish pumping engine worked 
fifteen strokes a minute, and was so under control 
from its well-contrived gear and valve work, that the 
engine regulated its own movements, and its power 
was only limited by the diameter of the cylinder and 
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the strength of the steam. In 1758 Borlase wrote: — 
"Several methods have been suggested for increasing 
the elasticity of the steam, and reducing the size of 
the boiler, which can be decided only by experience, 
and to that we must refer them." And we shall find 
that shortly after that period Richard Trevithick, sen., 
took the first step in overcoming the difficulty. 

In 1830 the writer saw at the Weith in Camborne 
u floor about 12 feet square of blocks of granite, known 
as the old Moor-stone boiler, and conversed with several 
old men, who, when boys, played in it, when it had 
sides or walls three or four feet high of blocks of 
granite. 

Captain Joseph Vivian recollected hearing, when a 
boy, his uncles Simon and John Vivian talk of having 
taken a contract to break up this boiler, and cut out the 
copper pipes in the inside. 

Mr. C. E. Edwards, a smith at Perran, near Mara- 
zion, has the screw-plate and taps used in constructing 
a granite boiler for Grwallon Mine, near the present 
Wheal Prosper. 

His great-grandfather, Edwards, was a smith in 
Ludgvan-lez when Newcomen put his great engine 
there, about 1720. His grandfather was married in 
1764, and set up the smith's shop C. E. Edwards 
Htill works in, bringing as a marriage present those 
old taps and screw-plate, said to be the first used in 
Cornwall. When a boy he often heard his grand- 
father talk of the old smiths who failed to clamp 
together by lambs' tails ^ the blocks of granite forming 
the boiler at the Gwallon Mine ; and one of these smiths 
said, go over to Edwards at Ludgvan-lez, he can make 
screws that will draw them up beautiful. 

' Kands of iron tightened hy cutters in lieu ofbolts. 
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Gwallon Mine was less than a mile from Newcomen's 
early engine at Ludgvan-lez. 

James Banficld, for many years the principal smith 
in the engineering works of Harvey and Co., at Hayle, 
says: — "In 1813 I was rivet-boy at the making of 
Captain Trevithick's high-pressure boilers at Mellinear 
Mine. The largest boiler-plates then to be had in 
Cornwall were 3 feet by 1 foot. My father served his 
apprenticeship in 1784 with uncle Jan Hosking, a 
famous smith, on Long-stone Downs in Lelant parish. 
Father has often told me how the work used to be 
made when he was a young man. The only wrought 
iron they could get was Spanish bar, 2 inches square, 
hammered thin in the middle that it might be bent 
for the convenience of carriage. It was red-short iron 
difficult U) work ; and Swedish or Danish bar, said to 
come from Siberia, 3^ inches wide, and ^ths of an inch 
thick. Whatever was wanted in the mine had to l)e 
made with such bars." 

In 174G, the only wrought iron of commerce in 
Cornwall being small bars, to make a wrought-iron 
boiler was a difficult and almost hopeless undertiiking. 

Small boiler-plates and boilers were made in Stofibrd- 
shire or Shropshire; but the Cornish roads did not 
admit of the easy conveyance of heavy weights. For 
fifty years after the erection of these early engines, the 
coal and mineral from the ports and mines were con- 
veyed on mules, the roads l)eing unsuitable for wheel 
carriages. 

The traditions relating to granite boilers may not 
absolutely lead to the conclusion of their use ; but the 
many difficulties in procuring a good boiler are evident. 
Borlase's drawing shows a close intimacy of boiler and 
stonework ; the steam-piiX3 leading from the top of the 
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boiler into the bottom of the cylinder being merely a 
hole in the large stone resting on the top of the boiler, 
on which the cylinder was supported. 

The drawing, coupled with tradition, implies, almost 
to a certainty, the use of granite in the construction of 
early steam-engine boilers ; and the cutting out of copper 
pipes from a boiler during the childhood of a person 
still living, seems to prove that even in those early 
days we had tubular boilers ; for in the granite boiler 
it is impossible to imagine any other way of getting 
up steam than by some internal fire-place, as suggested 
by those tubes. Such is the history of the steam pump- 
ing engine in Cornwall up to 1758, enabling the miner 
to follow to a greater depth the glittering tin, sparkling 
in it« bed of hard rock, from which its minute pin-point 
particles were separated by stamping the lode-stone 
into sand, and washing it in a gentle stream, on tlje 
higher portion of which the heavier tin settled, while 
the lighter refuse went with the stream, except in the 
chance eddies and hollows where again the greater 
gravity of the particles of tin settled them at the 
bottom, while the waste earth still floated away, on 
and on to the sea. 

** If the ore be very full of clammy slime, it is turned from 
the area C into a pit near by, called a buddle, L I, to make it 
stamp the freer without choking the grates, and brought back 
to C. If the ore is not slimy, it is shovelled forward from C 
into a sloping channel of timber E, called the pass, from whence 
it slides by its own weight and the assistance of a small rill of 
water, D, into the box at Y ; then by the lifters abc. falling on 
it after being raised by the axletree d, which is turned round by 
the water-wheel B, it is pounded or stamped small ; to make 
the lifters more lasting, and fall upon the ore with the greater 
force, they are armed at the bottom with large masses of iron 
of 140 lbs. weight each, called stamp-heads ; and to assist the 
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attrition, the rill of water D keeps the ore perpetually wet, and 
the ^mp-heads cool, till the ore in tiie box Y is pulverized, and 
small enough to pass through the holes of an iron grate at Y. 
The grate is a thin plate of iron, no more than jVth of an inch 
thick, 1 foot square, full of small holes punched in it about 
the bigne^ of a moderate pin, not always of the same diameter, 
but as the diflTerent size of the tin granules requires; f<;r the 
larger the ciystals enclosing the metals are, the larger must be 
the holes, and vice versa, so that in suiting the grate to the nature 
of the tin, the skill of the dresser appears. From this grate the 
tin is carried by a smaller gutter e, into the fore pit F, where it 
makes its first and purest settlement, the lighter parts running 
forwards with the water through holes made in the partition /, 
into the middle pit A (much of the same shape and size as the 
fore pit), and thence into the third pit H ; what settles in A and 
H is called the slimes, and what runs off from them is good for 
nothing. The fore pit F, as soon as full is emptied, and the con- 
tents carried to the huddle I, a pit 7 feet long, 3 wide, and 
2 deep ; the dresser standing in the huddle at I, spreads the pul- 
verized ore at K, called the head of the huddle, in small ridges 
parallel to the run of the water which enters the huddle at L, 
and falling equally over the cross-bar M, washes the slime from 
the ridges (which are moved to and fro with a shovel) till the 
water, permeating every part, washes down the whole into the 
baddle I : whilst the dresser s hands are employed in stirring the 
ridges at K, he keeps his foot going always, and moves the ore 
to and fro so as the water may have full power to wash and 
cleanse it from its impurities ; the buddle fills, and the tin is 
sorted into three divisions ; that next the head, at ff, is the purest ; 
the middle, at h, is next in degree; that at i most impure of the 
three ; and each of these divisions goes through a different pro- 
cess. The fore part at A is taken out first, and carried to a large 
tub N, called the keeve; there immersed in water, it is moved 
round with a shovel for a quarter of an hour, by which means 
the impurities rise from the ore, and become suspended in the 
water ; the tin ore is then sifted in a sieve purposely constructed, 
and if it needs, must be sent to be huddled again, then returned 
to the kevve and worked as before with a shovel, which they call 
iczitiff the tin; the keeve is then 'packed, that is, beat with a 



11 KARLY GORNISH ENGINES. 

hammer or mallet on the skies, that the ore within may shift and 
sliake off the waste, and settle the purer to the bottom. The 
foul water then on the top of the keeve is poured off, and the 
sordes which settles above the tin is skimmed off, and what i-e- 
mains is pure enough to be sent to the melting house, and is 
then called black tin. 

" The waste skimmed off is carefully laid by to undergo an- 
other washing: whilst the fore part of the huddle I is thus 
manufacturing at the keevo, another hand is moving forth that 
I>art of the buddle h in the same manner as g was before ; and 
in its turn that, and the settlement at i, is promoted to the 
keeve, and thus what is deposited in the fore pit F, is brought 
about, as the tinners term it, that is, undergoes all the necessary 
lotions. 

** What runs off from F into G and H must be dealt with in 
another manner. The contents of these pits consist of the small 
and lighter parts of the ore, iind are intimately mixed with a 
greater quantity of earth and stone bruised to dust by the mill. 
Tlu^se are called the slimes, and are carried to the trunk O to 
be again reworked."* 

The same principles remain in operation even to tlio 

present day, but the work of the man's foot isperfonned 

l)y the more efleetive movements from the steam-engine, 

and the plane surface of the old buddle has generally 

given place to a circular buddle, the tin stuff taking the 

form of a flat conical monnd, the heavy particles of tin 

remaining near the centre, while the lighter particles 

are carried by a film of running water toward the 

circumference of the monnd ; revolving arms having 

bits of rag or brushes attached slightly disturb the 

surface of the tin stuff, inducing by the running w^ater 

the constant change of position of the particles, the 

lighter or refuse portions being washed farthest from 

the centre of the mound. 

Not only does Borlasegive explicit deUxil on the mine 

^ 

* Il<>rl:isc*H * Nattiml History ••!' Com wall/ iml». 1758. 
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mechanism of his day, but also indirectly shows when 
Cornish Btreams were first poisoned hy mineral water. 
" About fifty years since there were plenty of fine trout 
in the river Conar in Gwythian"' — this would be about 
i708; it now sweeps to the sea yearly many thousands 
of tons of sand from the tin stamps, and from its colour 
is called the red river ; no fish swim in it, though about 
1820 the writer caught trout in a tributary stream, from 




. [W. J. Wdch.) 

Eoseworthy. The destruction of fish one hundred and 
sixty years ago in the Conar, or valley from tlie Great 
Dolcoath mining district, was from tin streaming or shal- 
low mining ; but when in after years the steam-engine 
drained the mines and copper ore was worked, the rivers 
became still more poisonous. " At Crowliss, a village of 
Ludgvan, in the year 1739, a flock of geese belonging 

' Borliuie'H ' Natural Hislorj of Cornwall.' 
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to James George, tailor, went into the river as usual, 
and drinking heartily of the water (a very strong 
mundie), upon their return to the bank nine of them 
lay down immediately and died."* The water fatal to 
the tliirsty geese came from Ludgvan-lez copper mine ; 
it is now a red stream from tin mines where geese may 
safely seek for grains of tin, readily taking a taste when 
passing a heap of craze, or tin ore and sand, to allay 
the cravings of the gizzard. The writer believes but 
three geese recovered from the Crowliss flock. Cattle 
are apt to prefer this mine water, but it gives a rough 
coat and sometimes causes death. Large quantities of 
arsenic are taken from the flues of tin-calcining fur- 
naces: in 18G8 a field of apparently well-grown oats 
ripe for the sickle was valueless, from the absence of 
grain in the pods, caused by arsenical smoke from Stray 
Park Mine, while the straw was unfit even for bedding 
for cattle, l)ecause they might eat it ; cabbages in an 
adjoining field were uninjured, the numerous little flakes 
of white arsenic resting on them could be washed off"; 
a grass field near by was utterly untrustworthy, but 
potatoes thrived well and were said to be coniparatively 
free from disease. The smoking chimney in Cook's 
Kitchen^ is attached to one of these calciners: on 
going into the flues when the workmjin was shovelling 
the arsenic from their sides and bottom into a barrow, 
the writer breathed a palpable atmosphere of ai*senic ; on 
coming out the man took a pasty from a bench, having 
a suspiciously thick layer of arsenic on it; brushing off* 
with his hand the sujKMfluous poison, he dined heartily. 
A heap of arsenic of several tons lay by the furnace at 
the road-side, to be prepared for commercial wants. 

* lUtrlaj)e*H * Natural History <»f C<»niwull.' 

• C«iok*8 Kitchen WattT-whwl, duip. iii. 
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CHAPTEll II. 

RICHARD TREVITHICK, SEN. 

Gilbert, in his * Survey of Cornwall,' says : — 

" The name of Trevithiek is certainly of great antiquity in 
the county of Cornwall, and the family is supposed to have been 
resident at Treviraider for manv descents before the seventeenth 
century. 

" A monument in St. Eval Church, to the memory of the 
Rev. William Trevithiek, in 1692, and one with the impalement 
of the arms of Leach and Trevithiek, in 1672 ; and several places 
or properties in that neighbourhood called Trevithiek, point to 
their Cornish origin. Arms — Argent, a unicorn rampant. 

" Anne Trevithiek, the sole heiress of William Trevithiek, of 
Trevimider, married Francis Leach Llewellan, Sheriff of Corn- 
wall, in 1740. The arms of Llewellan seem to denote their 
descent from the ancient Princes of Wales. 

" Trevithiek, formerly a seat of the Arundells ; and Trevi- 
thiek, formerly a seat of the Polomounters. 

•* Trelissick, formerly a seat of the Tremaynes. The house 
appears to have been built by the Hookers, and in the glass of 
the windows are preserved the family anus, with the letters 
J. V. H. Trevithiek." 

The * Parochial History of Cornwall ' says of the St. 
Eval monument to Trevithiek : — 

^ la remembrance of William Trevithiek, of Trevimider, in 
St. Eval, Gent., who died the 3rd day of Nov., 1731, aged 52. 

" * Farewell kiiul friends, 

Farewell dear wile and biMtluT; 
Peace U? your ends, 
Unil«l to each other.* " 

VOL. I (; 
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Polwheles' ' History of Cornwall ' has the follow- 
ing :— 

** I have first to remark that Alfred devised Cornwall to his 
eldest son Edward, and that he devised it under the name of 
Trioonshire. 

" The natives that occur as men of property, or who probably 
lield lands here before the Conquest, have been distinguished by 
Carew under the appellations of Tre, Pol, and Pen, and it seems 
worthy of remark that as representatives of Tre and Pol, if not 
of Pen, there exist several famiHes, who have possessed lands 
from all antiquity. 



(( 



Hy Tro, P<»1, and Pen, you slmll know the Comishinrn. 



In olden time property and birth gave power and 
influence to the family of Trevithick. History traces 
the last male Trevitliick, of Trevimider, down to 1731 ; 
and shortly after his death, his daughter and sole heiress 
married Frfincis Leach Llewellan, who believed himself 
a descendant of the Princes of Wales. Some poor 
branch of the male line survived unnoticed, for 
Richard Trevithick, sen., was born in 1735. He is 
said to have walked a day's journey to make the 
acquaintance of one known by his almost obsolete 
name ; but little trace remains of where he was bom 
or how he was brought up, though the writer has 
talked with those who knew him well in his old age, 
and who spoke of him with respect, a.s of one al)Ove 
his fellows. 

The writer's first reliable evidence of his acts is from 
his old account-books, some of which, after his death, 
were fortunately retained by his son, that their unfilled 
leaves might serve for his rough draft letters. Three 
of these books still remain, showing that when thirty 
years of age, Richard Trevithick, sen., was the manager 
of the leading mines in Cornwall ; Dolcoath Mine, the 



RICHARD TREVITHICK, SEN. 19 

oldest, richest, and most famous in Cornish history, 
being at that time his head-quarters, while his place of 
residence was in lUogan parish, midway between the 
mine and Cam Brea Hill. 

How long he had filled the position of leading man 
in Cornish mines, prior to the dates in the writer's pos- 
session, is an unanswered question — certainly for several 
years, for to be manager of the great Dolcoath at the 
age of thirty implies unusual ability ; but to be at the 
same time manager of several other of the leading 
mines, proves that at that early age he was a man of 
eminent practical experience. Borlase thus speaks of 
Cornish mining when Trevithick, sen., was a child in 
1738 : — '' All these are easily performed wlicn the work- 
ings are near the surface ; but the difficulty increases 
with the depth, and skill and care become still more and 
more necessary ; and, indeed, all the mechanical powers, 
the most forcible engines, and the utmost sagacity of 
the chief miner, are often too little and vain when the 
workings are deep and many." 

In the year 1760 Richard Trevithick, sen., when 
twenty- five years old, married Miss Anne Teague, 
whose family were mine managers in the Redruth 
district ; their forefathers were said to have been driven 
from Ireland during a rebellion. Richard Trevithick, 
sen., and his wife, their four daughters, and one son, 
averaged 5 feet 11 inches in height. 

In 1765 he was the manager of Dolcoath Mine, and 
constructed "the deep adit," a work of difficulty and 
importance in those days, still serving as tiie lowest 
practical drain for numerous mines, and reducing the 
adit level for the exit mine-water bv 60 or 70 feet. 

Arthur and John Woolf were in his pay ; the father 
and uncle of Arthur Woolf the well-known engineer, 

c 2 
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and of liis brother who mutinied on board the fleet at 
the Nora, under an assumed name. 

Tlie Dolcoath Mine at that time used two atmospheric 
steam pumping engines, the water from which, on its 
way to the lower level of the new adit, by its passage 
over two water-wheels with cranks on their axlea 
attached to beams, worked pumps. 




The mineral from the mine was raised by horse- 
whims, and water was elevated hy the same means in 
buckets or kibhals from the shallow levels, showing that 
the steam pumping apparatus had not driven the horse 
quite out of the field in 17fi5, nor had the pumi>barrel 
entirely superseded the original tub. 



RICHARD TREVITHICK, SEN. 21 

The merciful care in supplying wholesome air to the 
underground miner, exercised by Richard Trevithick 
a hundred years ago, is now enforced by the strong 
arm of the law. Those who carried out the detail in 
sending air into the mine by the power of the steam- 
engine, were the fathers of the men who, in after 
years, prominently helped in the detail manufacture of 
the first locomotive. <. 

In.Trevithick's accounts of 1765 is the following 
entry : — 

"To William Jeffry and partner for driving north from 
BuUan Garden (a part of Dolcoath) fire-engine shaft. 

" To clearing and timbering from the western end of Tonkin's 
Ground to the western water-engine shaft. 

" To bringing air from the little engine to the ends. 

**To winding kibbals (of water or stuff), at 5d. per hundred 
kibbals." 

The notable re-erection by Richard Trevithick, sen., of 
the old Carloose engine, just before Watt's first engine 
in Cornwall, forms an era in the history of the steam- 
engine. The following extract from liis account-book, 
closing in 1775, gives the items of chief interest : — 

"Dolcoath New Engine Cost Account. „ , 

£ ». d. 

Garlooee adventurers, for materials 414 12 3 

John Commins, for boiler- top, &:c 93 8 9 

John Jones and Co. (Bristol), for iron pumps .. .. 118 6 10 

Dale company, for iron pumps 131 9 4 

Mr. Budge, for erecting the engine 63 

Carriage of the boiler, cylinder, &c., from Carloose,) rn 

including attendance, &c., &c J "^ 

Arthur Woolf, per month 1 14 4 

John Harvey and partners, for putting in the boiler and) 33 i 9 

building the shed- walls, &c f 

To new ironwork, as per account 187 10 4 

To timber boards, &c., as per account 255 10 10'* 

This worn-out Carloose engine, bought for 414/. 12^. 3rf., 
had l)een one of Newcomen's early erections, of perhaps 
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forty or fifty years before, but in 1775 the gear and 
valves were improved and made self-acting, and it 
became a new engine, with the exception of a few large 
parts, such as cylinder, large bob, &c., and was named 
Dolcoath New Engine. 

Tlie greatest improvement, however, wasTrevitliick's 
new semicircular boiler - top, which, at a cost of 
93/. 8.9. !)c/., took the place of the original flat top, 
weighted down by slabs of granite. The cylindrical 
sides, and indented or curved bottom, of the New- 
comen boilers gave strength to those parts ; but its flat 
weak top prevented the use of steam of a higher 
l)ressure. Newcomen's steam-boilers w^ere simply the 
ordinary household boilers used in cooking, on an 
enlarged scale, with the lid or top weighted down, to 
enable them to retain steam of one, or from that to two 
pounds on the square inch. Richard Trevithick, sen., 
removed the objectionable flat top; every part was 
made more or less circular, giving uniform and greater 
strength. The increased pressure of steam in the 
stronger boiler, by only a pound or two on the inch, 
materially increased the eflective force of the engine, 
and practically pointed out the true source of the 
further increase in the power and usefulness of 
steam. 

A story of Trevithick, sen., when at Bristol order- 
ing cast-iron work for this engine, is still told by 
Captain Joseph Vivian. 

" When dining at the inn the waiter remained in the 
room after the dinner had been placed on the table. 
Trevithick not wanting him, said, ' What are you doing 
here ? ' ' Oh, sir ! it is my business to wait upon you, 
sir ! ' * Well, but I do not want you here ; peeping 
upon every bit I put in my mouth. Will you he off 
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now ? ' * Oh no, sir, I am ordered to remain ! ' ' You 
won't be off, won't you ? We'll soon see then ! ' and 
striding towards the waiter with an evident inclination 
to shake him, he drove him out." 

Trevi thick, sen., also went to Coalbrookdale, which 
supplied much of the cast-iron work for the manu- 
facture of the early steam-engines, for the art of 
casting pumps was not then known in Cornwall. The 
John Harvey who worked to fix the improved boiler 
in its house was then a country smith, at Carnhell 
Green, a small village a few miles from Dolcoath. He 
having discovered how to cast iron pipes, established 
the now famous Harvey and Co.'s engineering foundry 
at Ha vie. 

The improvement, and re-erection of this engine by 
Trevi thick, sen., was an important event. Fifty-five 
years had passed since Newcomen had worked his first 
Cornish pumping engines. The Carloose engine was 
one of them ; and having done its share of work, old 
age and growing improvements had caused it to be set 
aside by the Carloose adventurers ; the manager of 
Dolcoath Mine, however, determined to give a new life 
to this discarded engine. When re-erected in its im- 
proved form it cost 2040/. A man then earned from 
Is. to Is. 6d. a day. With the present rate of wages 
the engine would have cost 6000Z. or 7000Z. It was, 
therefore, of great importance in those rude times, and 
in its new form was esteemed as the most perfect steam- 
engine in Cornwall. 

Mr. Budge was the working engineer erecting it. 
The cylinder was removed from its objectionable seat 
on the granite-boiler top, and placed on cross beams 
from wall to wall of the engine-house ; thus avoiding 
the jar of the steam - cylinder, resting on the weak 
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boiler and masonry, which had been a source of trouble 
in the early Newcomen. 

Tlie wrought-iron and the timber work were prepared 
in the mine, Arthur Woolf, sen., working on it as mine 
carpenter at 1^. 5d. a day. 

This 45-inch open-top cylinder engine, erected by 
Trevithick, sen., is shown and described by Pryce. 

" Mr. Newcomen and Mr. J. Cawley contrived another way to 
raise water by fire, where tlie steam to raise the water from the 
greatest depths of mines is not required to be greater than the 
atmosphere ; and this is the structure of the present fire-engine, 
which is now of about seventy years' standing. 

" li is a large boiler, whose water, by the fire under it, is 
converted into an elastic steam. The great cylinder C, C, is fixed 
upon it, and communicates with it by the pipe d; on the lower 
orifice of which, within the boiler, moves a broad plate, by means 
of the steam-co<*k, or regulator E 10, stopping or opening the pas- 
sage to prevent or permit the steam to pass into the cylinder, as 
occasion recjuires. Tlie diameter of the pipe d is about 4 inches. 

" The steam in the boiler ought always to be a little stronger 
tlian the air, that, when let into the cylinder, it may be a little 
more tlian a balance to the external air, which kecjis down the 
piston to the bottom d, n. The piston being by this means at 
liberty, the pump-rod will, by its great weight, descend at the 
opposite end to make a stroke, which is more than double the 
weight of the piston, &c., at the other end. The end of the lever 
at the pump, therefore, will always preponderate and descend 
when the piston is at liberty. The handle of the steam-cock 
E 10, being turned towards w, opens a pipe d to let in the steam ; 
and being tunied towarils O, it shuts it out, that no more can 
enter. The piston is now raised towanls the top of the cvlinder 
at C, and the cylinder is full of stt^am. The lever 0, 1, must then 
be lifted up to turn, by its teeth, the injecting cock at N, wliich 
permits the water, brought from the cistern ff by the pi|)e ff M N, 
to enter the bottom of the cylinder at », when it flies up in the 
form of a fountain, and striking against the bottom of tlie piston, 
the ihoim, being driven all over the cylinder, will, by their cold- 
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ness, condense the steam into water again, and precipitate it to 
the bottom of the cylinder. 

" Now this whole operation of opening and shutting the steam- 
regulator and injection-cock will take up but little more than 
three seconds, and will therefore easily produce sixteen strokes 
in a minute. 

" The water in the boiler which wastes away in steam, is sup- 
plied by a pipe I i, about 3 feet long, going into the boiler about 
a foot below the surface of the water. On the top of this pipe 
is a funnel I, supplied by the pipe W with water from the cup 
of the cylinder, which has the advantage of being always warm, 
and therefore not apt to check the boiling of the water. That 
the boiler may not have the surface of the water too low, which 
would endanger bursting, or too high, which would not have 
room enough for steam, there are two gauge-pipes at 6, one 
going a little below the surface of the water when at a proper 
height, and the other standing a little above it. When every- 
thing is right, the stop-cock of the steam-pipe, being open, gives 
only steam, and that of the long one water; but if otherwise, 
both cocks will give steam when the surface of the water is too 
low, and both give water when it is too high ; and hence the 
cock which feeds the boiler at I may be opened to such a 
degree as always to keep the surface of water to its due height, 
lost the steam should grow too strong for the boiler and burst 
it. There is a valve fixed at A, with a perpendicular wire stand- 
ing up from the middle of it to put weights of lead upon, in 
order to examine the strength of the steam pushing against it 
from within. 

** The steam has always a variable strength, yet never one-tenth 
stronger or weaker than common air ; for it has been found that 
the engine will work well when there is the weight of 1 lb. on 
each square inch of the valve. This shows that the steam is 
one-fifteenth part stronger than the common air. 

" Now as the height of the feeding pipe from the funnel F to 
the surface of water G « is not above 3 feet, and 3^ feet of water 
18 one-tenth of the pressure of the air ; if the steam were one- 
tenth part stronger than air, it would push the water out at F. 

" Among the great improvements of thb engine, we may reckon 
that contrivance by wliich the engine itself is made to open and 
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shut the regulator and injection-cock, and that more nicely than 
any person attending could possibly do it. For this purpose, 
there is fixed to an arch 12, at a proper distance from the arch 
P, a chain, from which hangs a perpendicular piece or working 
beam Q Q, which comes down quite to the floor and goes through 
it in a hole which it exactly fits. This piece has a long slit in 
it and several pin-holes and pins for the movement of small 
levers destined to the same oflSce of opening and shutting the 
cocks, after the following manner : between two perpendicular 
pieces of wood, on each side, there is a square iron axis A, B 
(upper Fig., p. 2')), which has upon it several iron pieces of the 
lever kind. The first is the piece G, E, D, called the Y, from its 
representing that letter, inverted by its two shanks E and D ; on 
the upper part is a weight F to be raised higher or lower, and 
fixed as occasion requires. This Y is fixed very fast upon the 
said iron axis A,B. From the axis hangs a sort of iron stirrup 
I, K, L, G, by its two hooks I, G, having on the lower part two 
boles K, L, through which passes a long iron pin L, K, and keyed 
in the same. When this pin is put in, it is also passed through 
the two holes in the ends E, N, of the horizontal fork or spanner 
E, Q, N, joined at its end Q to the handle of the regulator V 10. 
From Q to O are several holes, by which the said handle may be 
fixed to that part of the end which is most convenient. Upon 
this axis A, B, is fixed at right angles to the Y, a handle or 
lever G 4, which goes on the outside of the piece Q 2, Q 2, and 
lies between the pins. Another handle is also fastened upon the 
same axis, viz. H 5, and placed at half a right angle to the former 
G 4 ; this passes through the slit of the piece Q 2, Q 2, lying on 
one of the pins. Hence we see that when the working beam 
goes up, its pin in the slit lifts up the spanner H 5, which turns 
about the alis so fast as to throw the Y, with its weight F, from 
C to 6, in which direction it would continue to move after it 
had passed the perpendicular, were it not prevented by a strap 
of leather fixed to it at Q c, and made fast at the ends m and n, 
in such a manner as to allow the Y to vibrato backwards and 
forwards about a quarter of a circle, at equal distances, on this 
side and that of the perpendicular."' 



* Pryce'b * Treatise on Minerals, Mines, an<l Mining, in Cornwall,* 1778. 
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Tho Newcomeii Pool engine of 1746, followed by the 
Trovithick BuUun Garden engine with improved work- 
ing gear, allowing the engineman to sit at ease, while 
tho engine moved at the increased speed of sixteen 
Htrokos a minute, and the improved boiler, give a good 
iilwi of the state and progress of the steam-engine from 
its tii-st iH>ally useful working days, up to Trevithick, sen., 
in I77r>, or even to Watt, who erected his first engine 
in (\>rnwall shortlv after that date. 

Tivvithick's, son., account -lKX)ks, commencing in 
l7iJr>, prove tho uso, ton years before the erection of his 
engine, i>f two steam-engines in the Dolcoath Mine, the 
llullan iianlon fire-engine, and the little engine; and 
luanv othoi^ were then at work, for Borlase said in 
17 U» ••there are several other very considerable mines 
now worked by the fire-engine in Cornwall, — Huel- 
rith in Godolphin Hill, Ilerland, Bullan Garden, 
DoWath, The Pool, Bosprowal, Huel-ros, and some 

others." 

Feed-water was supplied from a cistern three or four 
feet above tho boiler, serving also as a safety-valve 
should the steam l)ecome of greater pressure than the 
weight of the head of water, thus allowing the steam to 
escjipe on the water becoming lower than the bottom of 
the feed-pipe ; two gauge-cocks and a weighted safety- 
valve showed the water level and the steam pressure. 

A plug-rod, so called from its shifting plugs or 
pins, worked the gear-handles for moving the steam and 
injection valves or cocks ; and Y shafU?, named from the 
shape of the levers fixed on them, moved the valves. 
A cataract regulated the time of rest of the piston at 
the top of the cylinder ; water from a regulating cock 
ran into a balanced tub, which when full descended, and 
capsizing its contents, returned to its former level. 
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having during its movement opened the injection-valve, 
and caused the piston to descend. 

These contrivances are used in the present day, in an 
improved form, but still retaining their old names. 

Borlase wrote hopefully of a coming boiler to give 
more highly elastic steam ; Pryce, with the accumula- 
tive improvements of twenty years, said, " The steam 
has always a variable strength, yet never one-tenth 
stronger or weaker than common air ; for it has been 
found that the engine will work well when there is the 
weight of 1 lb. on each square inch of the valve." 

The last words in Pryce's book relate to Watt and his 
expected improvements ; and his view of the best steam- 
pressure was just that which Watt adopted and acted on. 

It is unimportant whether Trevithick, sen., used the 
increased pressure of the steam; he certainly con- 
structed a boiler on scientific principles that allowed 
of its use. Stuart, fifty years after Pryce, gave a copy 
of Pryce's drawing of Trevithick's engine erected in 
BuUan Garden, a part of Dolcoath Mine ; but Stuart 
in error calls it "a view of the atmospheric engine 
as improved by Beighton." The detail accounts of 
its construction by Trevithick, sen., make no mention 
of the name of Beighton. The reader who cares to 
examine the drawings by Pryce and Stuart will observe 
that this copy is in perspective, while the other draw- 
ings by Stuart are not. Pryce states that his drawing 
of the engine was made at his own expense and was 
dedicated to his kinsman John Price, late High Sheriff 
for the county of Cornwall. Trevithick, sen., was the 
mineral agent for the great mining property of Lord 
Dedunstanville and Basset, in which were situated the 
leading mines of that day, retaining the post for 
twenty-two years, to tlie time of his death. 
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In 177G lie received a grant from Sir Francis Basset, 
of the mine sett of Roskear (or Wheal Chance), which* 
became a large mine, and is still at work. 

Another of his account-books, commencing January, 
1777, contains a list of sixty-four different Cornisli 
copper mines then at work ; the greater numl)er of 
which must have used steam-engines. It also gives 
particulars of the sale of copper at the Cornish ticket- 
ings for the two years 1777 and 1778, showing a 
yearly produce of about 24,000 tons of copper ore, 
worth 156,000/. 

These account-books show that he was the manager of 
Dolcoath, Wheal Chance, now Roskear, Wheal Treasury, 
and Eastern Stray Park, at 21. a month from each, the 
greatest pay in the cost-books of the time : being the 
lord's agent he had the leading authority in the principal 
Cornish mines situated on the Ras>et property. 

In the year following Trevithick's engine, Watt 
erected his first working engine. 

"In 1776 Watt, after much difficulty, erects his first working 
engine ; and in 1777 erects his first en<^ine in Cornwall at Wheal 
Busy Mine. Hero be met the Hornblowers, wlio had been 
erecting enjrines for fifty years, and Bonze, who had five engines 
at work, with cylinders of 60 to 70 inches in diameter. 

"In 1778 Watt is again in Cornwall, and says the Cliace- 
water engine goes satisfactorily, making fourteen strokes per 
minute, and others are orderel. Even the infidels of Dolcoath 
are now obliquely inquiring after our terms. 

"He would almost as soon have wrestled with the Cornish 
miners as higgled with them. They were shrciwd, practical men, 
rough in manner and speech, yet honest withal. 

" In 1779 JIurdoch joineil Watt in Cornwall. Watt, in writing 
to Boulton, says : — * At Wheal Union account our savings were 
ordered to be charged to the interest of Messrs. Edwards and 
rhilli|)s; but when to be paid, God knows! Bevan said in a 
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month. After all this was settled, in came Captain Trevithick, 
I believe on purpose, as he came late, and might have heard 
that I was gone there. He immediately fell fonl of our account, 
in a manner peculiar to himself; laboured to demonstrate that 
Dolcoath engines not only surpassed the table, but even did 
more work with the coals than Wheal Union did, and concluded 
with saying that we had taken or got the advantage of the 
adventurers. I think he first said the former, and then edged 
off by the latter statement. Mr. Phillips defended, and 
Mr. Edwards, I thought, seemed staggered, though candid. 
Mr. Phillips desired the data, that he might calculate it over 
in his way. Mr. Edwards slipped away ; but I found after- 
wards that he was in another room with Captain Gundry (who, 
and Hodge also, behaved exceedingly well ; I believe Gundry 
to be a very sincere, honest man). I went out to speak to 
Joseph, and on my return found only Trevithick, Bevan, Hodge, 
and some others. Soon after, Mr. Edwards called out Trevithick 
to him, and Gundry. I heard them very loud, and waited their 
return for an hour ; but they not seeming ready to return, night 
coming on, and feeling myself very uncomfortable, I came away, 
flo know not what passed further. During all this time I was so 
confounded with the impudence, ignorance, and overbearing 
manner of the man, that I could make no adequate defence, and 
indeed could scarcely keep my temper, which, however, I did, 
perhaps to a fault; for nothing can be more grievous to an 
ingennous mind than the being suspected or accused of deceit. 
To mend the matter, it had been an exceedingly rainy morning, 
and I had got a little wet going thither, which had rather hurt 
my 8pirit& Yesterday I had a violent headache and could do 
nothing. Some means must be taken to satisfy the country, 
otherwise this malicious man will hurt us exceedingly. The 
point on which Mr. Edwards seemed to lay the most stress was 
the comparing with a 77xV cylinder, as he alleged they would 
not have put in so large an engine ; and in this there is some 
reason, as I do not think they believe that the engine would be 
80 powerful as it is. Add to this that the mine barely pays 
its way. IVevithick made a great noise about short strokes at 
setting on, &c. The Captains seemed to laugh at that ; and I 
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can demonstrate that, were it allowed for, it would not come to 
2s. (yd, per month. I believe they ran be brought to allow that 
they would have put in a 70-ineh. Now query if we ought to 
allow this to be calculated from a 70 (at which it will come 
to near 400Z. a year), and on making this concession insist on 
our having a good paymaster to pay regularly once a month, 
and not be obliged to go like beggars to their accounts to seek 
our due, and be insulted by such scoundrels into the bargain. 
As to Hallamanin, they have not met yet, and when they do 
meet I shall not go to them. I caniiot bear such treatment; 
but it is not prudent to resent it too warmly just now. I believe 
you must come here. I think fourteen davs would settle matters. 

m » 

Besides my inability to battle such peoj)le, I really have not 
time to bestow on them.' 

"In the autumn of 1780 Boulton went into Cornwall for a 
time, to look after the business there ; several new engines 
had been ordered, and were either erected or in progress, at 
Wheal Treasury, Tresavean, Penrydel, Dolcoatli, Wheal Chance, 
Wheal Crenver, and the United Mines. 

"One of the principal oiyects of his visit was to settle the 
agreements with the mining companies for the use of these 
engines. It had been found difficult to estimate the actual 
savings of fuel, and the settlement of the accounts was a constant 
source of cavil."* 

In 177!) Watt, with his low-pressure steiim vacuum 
engine, had declared war against Trevithick, sen., and 
his improved higher pressure steam-engine. Watt's first 
impression of " the infidels of Dolcoath " was tliat they 
were " obliquely inquiring "; but after a year's un- 
fruitful negotiation, he '' was so confounded with the 
impudence, ignorance, and overhearing manner of the 
man " (Trevithick, sen.), that he could make no adequate 
defence. 

In the autumn of 1780 several new engines had l>een 
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ordered from Watt for Cornwall, for Wheal Treasury, 
Tresavean, Penrydel, Dolcoath, Wheal Chance, Wheal 
Crenver, and the United Mines. 

The spirit of rivalry and even of mistrust arose of 
necessity between Trevithick, sen., and Watt ; but it is 
much to the credit of the former that, within three years 
of the erection of Watt's first engine in Cornwall, he, as 
manager, ordered his rival's engine for Wheal Treasury, 
Dolcoath, and Wheal Chance, being three out of the seven 
mines that at that time had agreed to try Watt's engine. 

The Watt Dolcoath engine had a cylinder of 63 
inches in diameter, with a cylinder cover, and an air- 
pump and condenser, and was called the great 63-inch 
double engine. It was erected near to a 63-inch New- 
comen engine, mentioned by Watt as Bonze's, with open- 
top cylinder, and known as the fire-engine, and was also 
close alongside of the 45-inch open-top cylinder Car- 
loose, erected by Trevithick, sen., known afterwards as 
the Shammal engine, because those two engines pumped 
from the same shaft, which was called Shamalling. 

The oldest account-book now in Dolcoath Mine going 
back to 1783, has the entry of 521. paid to Boulton and 
Watt for a month's saving by their patent engine. 

As these three engines will be frequently spoken of, 
it may here be mentioned that the birth of the two 
oldest is lost in obscurity. The 45-inch cylinder Car- 
loose, after her first life-time, was renewed in 1775. 
The little fire-engine is mentioned as working, in 
Trevithick's account-book of 1765, but there is no inti- 
mation of when the 63-inch atmospheric began to work. 
Watt's 63-inch double engine dates from 1780. 

The oldest account-book in Cook's Kitchen Mine 
shows that under the management of Trevithick, sen., 
in 1794, Watt was paid 181. a month for the saving of 
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coal. The account-books of Trevithick, sen., as manager 
of Wheal Treasury Mine, in 1795, show that Bull, 
Trevithick, jun., and Watt were all rivals, and received 
payment for the saving of coal by their respective 
engines; but at 'this date the powers given to Watt 
under his patent pressed with a leaden weight on the 
inventive skill of Cornish engineers. 

Trevithick, sen., was, as an engineer, the forerunner 
and liberal fellow-workman and patronizer of Watt's 
improvements, but a determined opponent of all illiberal 
and exclusive acts tending to curtail the growing use- 
fulness of the steam-engine. He has been called a 
mine manager, because in his time the mine manager 
was imderstood to be an engineer. All repairs, and 
even new work, with the exception of large castings, 
were made in the mine: thus he was a man of all-work. 

One of his Dolcoath account-books is headed " Furnace 
cost for 1771," showing that in those days the Halvans, 
or inferior portions of the copper ore, not worth the 
cost of carriage to the neighbouring copper-smelting 
works at Copperhouse, were partially smelted in the 
mine, in the same way as it now comes from South 
America under the name Regulus. The account is con- 
tinued for three years, and gives a sample of the labour 
and wages of the time : — 

" liichurd Williams, 30 days at 32«. per month. 
Mary Osbron, 4 days at 5d, per day. 
Ann Heather, for bucking 319 barrows of calcined work, 

at 6«. for every 15 barrows. 
To filling, heaving, and carrying 1190 sacks of Hal vans, at 

3$, per hundred sacks. 
To 1 dozen candles from the adventurers, Gs. 9d. 
William John, for a lantern and book, 3«. 
Kichard Woolf, for a watering-pot, Ss. inl. 
Doctor column, 1«. (>(i.'* 
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Presuming that the labourer's wages at 32.s. per 
month meant four weeks, he then worked for Is. Ad. 
a day, while a woman earned bd. a day. Candles at 
6|rf. each seems strange ; but there are frequent entries 
at the same rate. Lanterns and books were supplied by 
the same man ; and the ancestors of Arthur Woolf, the 
engineer, sold watering-pots. A monthly subscription 
of \s. ad. to 2^. was paid, by the furnace account, to 
help the sick, under the head Doctor column. 

As lord's agent and leading mine manager, ho 
attended the Cornish ticketings. His account-book 
shows that at the four weekly ticketings at Redruth, 
in the month of February, 1777, from thirteen mines, 
1939 tons of copper ore were sold, worth about 12,748/. 
a month. 

The mines selling ore during the two years of 1777 
and 1778 are given, that their names may not be lost.* 



' Sale or Copper Obe at the Redruth Ticketing for the Month 

OF February, 1777. 

From the Account-book of Trevi thick, sen. 

The names of tlie various mines 
selling during the two years are : — 



Tons of 

Copper 

Ore. 



V u 4 i^-^-jDolcoath .. .. ) 
^•^•^•^'^'''jCook's Kitchen..} 



411 



♦» 



II 



»» 



289 



»» 



18 



»» 



700 



Poldice 

Wheal Maid . 

Wheal Fortune, j 

St. Erth .. . 
Roskearc . . 
Wheal Rosewamel 

„ Lane 

„ Gerry .. 
Great Close 
Wheal Virgin ..) 
Carharrack.. .. > 446 
Great St. George) 

1939 



The average price waa 6/. 13«. per 
ton, giving a monthly value of 
12,748/, during the two years. The 
moDthly sales increase slightly. 



n 



25 



»» 



Wheal Burrow. 

Burn Coose. 

Ikldieu. 

Cook's Kitchen. 

Carharrack. 

Chacewater. 

Cleggar. 
Wheal Cock. 

Carzisewoojl. 

Carloose. 
Wheal Crenver. 

Camborne Vean. 

Dolcoath. 
Wheal Dinner. 

Dudnance. 
Wheal Fortune, in St. Erth. 
Wheal Fortune, in St. Hillary. 
Wheal Fortune, in Redruth. 
Wheal Fortune, in Breage. 
Wheal Gerry. 

[Great 

D 2 
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They amount to sixty-four mines, and probably each of 
them used one or more steam-engines. It was at this 
period that Watt erected his first Cornish engine ; the 
early use of the steam-engine in Cornwall having caused 
him to visit it in search of orders. 

The mine manager was responsible for the proper 
carrying out of the underground operations, and the 
description by Pryce, together with the account-books 
of Trevithick, sen., establish the fact that, prior to 
Watt's first working engine in 1776, three steam 
pumping engines had been at work in Dolcoath under 
Trevitliick, sen., probably for many years, for the 
Little fire-engine was at work ten or more years before, 
and during those ten years the 63-inch and the 45-inch 
cylinder Newcomen atmospherics were erected. Watt 
saw them on his first visit to Dolcoath Mine in 1777, 
with the bobs and cranks in the water-engine shafts, 
spoken of by Trevithick, sen., in 1765, a dozen years 
before Wasbrough patented the crank as his invention 
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when applied to the steam-engine. Pryce's drawing, 
Plate I., showing the new adit by Trevithick, fixes the 
period of a most important stride in the science of 
mining in Cornwall. The vertical lines represent 
shafts, the horizontal lines levels; the large central 
space, excavated lode, downward from level to level ; 
the bottom line of this excavation shows the slight slope 
of the ground for drainage toward the bottom of the 
mine, where the wind-bore or lowermost pipe in the 
pump-lift is fixed. 

Immediately after 1778 such a change was efiected 
by Trevithick, sen., in the principle of mining, that a 
comparison of modern workings with those given by 
Pryce makes evident its importance ; and from that time 
the miner, instead of breaking ground under his feet, 
broke it from over his head, he having first sunk the 
drainage shaft to the required depth for a lower level, 
from which the ore may be excavated up to the level 
above, while by this process the drainage and the 
railway for removing the broken rock are not dis- 
turbed. 

The light portions show the extent of the lode 
worked away, 500 or 600 feet in length, and 400 or 
500 feet in depth ; the width of the mineral lode vary- 
ing from a few inches to two or three, or more feet, 
in many places widening out to several feet. The 
shafts for raising water and mineral are shown vertical ; 
a cross-section would show many of them in very 
varying inclines, following the underlay of the lode. 
The main-pump shaft is generally perpendicular for 
the convenience of the pump-work, in which case the 
course of the lode is not followed, the shaft being 
sunk to meet the underlying lode at an understood 
depth. The horizontal lines are levels on the course 
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of the lode, 4 or 5 feet wide by 6 or 7 feet high. The 
levels branch from the shall 50 or 60 feet one below 
another. 

If the lode is too unproductive for profit, the level is 
continued in search of better portions or bunches; when 
such are found, the whole ground is excavated from 
level to level, of the width of the lode. 

The old plan was for each miner to dig or break the 
ground at his feet, destroying the road over which the 
broken rock had to be conveyed in barrows, and also 
preventing the free drainage of water from the miner's 
work. The new plan is for the miner to work upwards, 
towards the level above him ; by this means the very 
serious inconvenience of working in a pool of water 
is avoided, and the roadway kept good. Apply such 
changes to hundreds of men breaking and removing 
hard rock, in the cramped space and unhealthy atmo- 
sphere of a mine, and its importance is evident. 

Mr. Henwood believes that the idea was brought to 
Dolcoath from Germany, by Mr. Raspe, alx)ut 1782;* 
the putting it into practice was the work of Trevithick, 
sen., the manager,^ and this system of working is now 
universal in the Cornish mines. 

Dolcoath of the present day is 1800 feet deep, em- 
ploys 1000 work-people, and yields annually 50,000/. 
worth of tin; during the sixteen years ending 1865, it 
sold 748,891/. worth of ore, giving a profit to the 
shareholders of 130,655/. The invested capital is only 
nominal, outlay for new machinery being paid for as 
a working expense. Trevithick's accounts take us back 
more than a hundred years, but Dolcoath must have 



* Raspc has been called the author I tion of Cornwall,' by William Jory 
of • Baron Munchausen; | Henwood, F.H.S., F.G.S. 1869. 

' * Ad<lix*88 it) the Royal Institu- 
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been a mine many years before that, for two steam 
pumping engines worked there in 1765. 

" In 1796, Watt, writing to Boulton, says of Cornishmen : — 
* The rascals seem to have been going on as if the patent was 
their own. We have tried every lenient means with them in 
vain ; and since the fear of God has no eflfect upon them, we 
must try what the fear of the Devil can do.' 

** Legal proceedings were begun accordingly. The two actions 
on which the issues were tried were those of Boulton and Watt 
V. Homblower and Maberley ; and they were fought on both 
sides with great determination. 

" The proceedings extended over several years, being carried 
from Court to Court ; but the result was decisive in both cases 
in favour of Boulton and Watt. 

" It was not until January, 1799, that the final decision of 
the judges was given, almost on the very eve of expiring of the 
patent which had not then a full year to run."^ 

When Watt, in 1796, challenged Trevithick, sen., he 
could answer for himself, but at the last-mentioned 
period the son had buckled on his father's armour. 

An account-book of Richard Trevithick, sen., headed 
"Wheal Treasury Cost," commencing March, 1795, 
says: — 

** To paid Bull 201. per month for the saving of fuel by his 
engine. 

" To paid Richard Trevithick, jun., for saving of coals by his 
engine, 18Z. per month." 

In April, 1796, is the following: — 

" Note of transfer of a share in the mine, with five engines, &c., 
subject to pay any demands, which may he hereafter made, by 
Messrs. Boulton and Watt, for savings in the said mine." 

In May of the same year : — 

" At a meeting at Praze-an-Beeble, it was unanimously re- 

» Sir Smiles' ' Lilc cf Watt/ 
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solved, That the savings claimed by Boulton and Watt should 
not be paid until the validity of their patent should be fully 
proved." 

The last twenty years in the life of Trevithick, sen., 
were passed among events of great engineering import- 
ance. Watt's arrival in 1777 broke up the old friendly 
clique of Cornish engineers and mine managers : prac- 
tical mine workers on one side, and influential mine 
shareholders on the other, had different views of the 
proposals of the new engineers. A depressed metal 
market added to the difficulty. Mines made little or 
no profit. Many ceased to work ; and among them the 
famous Dolcoath was closed in 1789. Boulton and 
Watt not only got their monthly payments with 
difficulty, but had patent lawsuits with the Cornish 
engineers and mine proprietors. 

In 1796 Wheal Treasury, under the management of 
Trevithick, sen., which had been paying Watt for the 
saving by his engine, had also at work a rival engine 
by Bull, and another by Richard Trevithick, jun., each 
of the three engineers receiving pay for his improved 
engine, while a unanimous decision was come to by the 
shareholders to resist Watt's patent claims. 

In April, 1797, the accounts in Wheal Treasury 
ceased to be entered by the old hand ; and in December 
of that yenr another made up the account, closing with 
an entry, — **Paid John Glasson for making up the 
accounts in this book to December, 1797." Trevithick's 
hand was cold. He had passed his life in the midst 
of Cornish mines, having numerous steam-engines 
working around him — the best engines of the day — on 
his own particular mines, before Watt had erected an 
engine. When, in 1777, Watt and his first im])roved 
steam-engine appeared in Cornwall, Trevithick cau- 
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tioned him not to promise too much, or to tempt the 
mine speculators by oflfering to supply engines on the 
promise to pay a monthly hire, based on the saving in 
the consumption of coal, as compared with the Cornish 
engines then in use, but Trevithick did not oppose its 
introduction. 

Boulton and Watt's patent lawsuits resulted in a 
verdict in their favour, on the eve of the expiration 
of their patent. Richard Trevithick, sen., having lived 
to see his son an engineer, competing with Watt, and 
married to the daughter of his old friend, John Harvey, 
died on the Ist August, 1797, at Penponds, near Cam- 
borne, and was buried in Camborne churchyard. For 
many years he had enjoyed friendship, and frequently 
companionship, with the great religious reformer, John 
Wesley, who on his visits to Cornwall made a home of 
the house of Richard Trevithick, and used it as a place 
of meeting of the brotherhood, Trevithick being the 
class-leader in his district. This was a dark time for 
Cornwall, — death, law proceedings, and poverty were 
rife ; and the numerous and prosperous mines of twenty 
years before had dwindled down to bare walls and 
barren mine heaps. In the once busy district of Illogan 
and Camborne only four steam-engines remained at 
work out of the forty or fifty which Trevithick, as 
lord's agent, had helped to set in motion. Stone from 
the engine-houses on the idle Dolcoath were taken to 
build the present inn at Camborne; miners' houses 
were untenanted, and the people without employ. 

Trevithick, sen., in his active life of half a century, 
took part in this rise and fall of Cornish raining and 
engineering. The prosperous part was before the use 
of Watt's improved engines ; while the fall c;ime with 
their introduction, and so nearly buried Watt in the 
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I'uiiiei, that he oontemplated giving up their constructioD, 
U> lead a leas harassing and more profitable life. 

A little more than half a century has again passed, 
and that same district now employs one hundred steam- 
engines ; and in this revival we shall find that Richard 
Trevithick, jun., took an active part. 

No sculptured stone points out the resting-place of 
Richard Trevithick, sen., who lies not far from the 
Druids* rocks and ancient castle of Carn Brea. 
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In forming an estimate of Richard Trevithick, sen., 
as the forerunner, and of his son as following Watt, in 
the improvement of the steam-engine, it is necessary 
briefly to refer to the engines of Smeaton and of Watt 
in Cornwall. 

The question of rebuilding the Eddystone Lighthouse 
led Smeaton to visit Plymouth in 1756, when he pro- 
bably saw the Cornish mines ; ten years afterwards he 
erected several large atmospheric engines, one of which 
was sent to Russia. In 1775 he supplied the Chace water 
Mine, in Cornwall, with an atmospheric engine, having 
a 72-inch cylinder, 9-feet stroke, working nine strokes 
a minute. The main beam was of twenty pieces of fir 
timber, bolted together, and the cylinder was supported 
on twelve pieces of fir, in place of the beam of oak 
used by Trevithick, sen. The cylinder bottom was a 
half sphere, instead of the flat bottom as in Dolcoath. 
Three hay-stack boilers, each 15 feet in diameter, sup- 
plied steam of 1 lb. on the inch above the atmosphere, 
one of which was placed under the cylinder. The 
piston bottom was cased with wood to prevent loss of 
heat. The low steam pressure reduced its power of 
quick motion, and its hollow cylinder bottom increased 
the consumption of fuel. It was to do the work of a 
62-inch and a 64-inch cylinder that before had drained 
the mine. Smeaton says that, prior to 1760, one hundred 
engines had worked in the Newcastle-upon-Tyne col- 
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lieries ; fifteen of them averaged a duty of 5*59 million 
il>s. raised one foot high by 84 lbs. of coal : such was 
the use and the economic power of the steam-engine 
prior to the Watt patent in 1769.* 



> " My method of lessening the con- 
sumption of steam, and consequently 
fuel, in fire-engines, consists in the 
following principles: First, that the 
vessel in which the powers of steam 
are to be employed to work the engine, 
which is called the cylinder in com- 
mon fire-engines, and which I call the 
steam- vessel, must, duriDg the whole 
time the engine is at work, be kept as 
hot as the steam which enters it ; first, 
by enclosing it in a case of wckkI, or 
any other materials that transmit heat 
slowly; secondly, by surrounding it 
with steam or other heated bodies ; 
and thirdly, by suffering neither 
water nor other substance colder than 
the steam to enter or touch it during 
that time. 

** Seamdiy, in engines that are to 
be worked wholly or partially by con- 
densation of stc'ani, the steam is to be 
condense*! in vessels distinct from the 
steam-vessel or cylimler, though occa- 
sionally coniniunicating with them. 
These vessels 1 call condensers; and 
whilst the engines are working, these 
condensers ought at least U) l>e kept 
as cold AS the air in the neighbour- 
hood of the engines, by application of 
water or other cold bodies. 

" Thirdly, whatever air or other 
elastic vapour is not condenseil by 
the cold of the condenser, and may 
imi)ede the working of the engine, is 
to be drawn out of the steam-vessels 
or condensers by means of pumps, 
wrought by the engines themselves 
or otherwise. 

" Fourthly, I intend, in many 
cases, to employ the ex|»insive force 
of steam to press on the pistons, or 
whatever may be used instea<l of 
them, in the same manner as the 
pressure of the atmosphere is now 
employed in conmion fire-engines. 
In cases where cold water cannot be 
had in plenty, the engines may W 



wrought by the force of steam only, 
by discharging the steam into the 
open air after it has done its office. 

" Fifthly, where motions round an 
axis are required, I make the steam- 
vessels in form of hollow rings, on 
circular channels, with proper inlets 
and outlets for the steam, mounted 
on horizontal axles like the wheels of 
a water-mill ; within them are placed 
a number of valves that suffer any 
body to go round the channel in one 
direction only. In these steam- 
vessels are placed weights so fitted 
to them as entirely to fill up a part 
or portion of their channels, yet ren- 
dered capable of moving freely in 
them by means hereinafter men- 
tione<l or sjxjcifie*!. 

" When the steam is admitted in 
these engines Iwtween these weights 
and the valves, it acts ei|ually on 
both, so as to raise the weight to one 
side of the wheel, and by the re- 
action of the valves successively to 
give a circular motion to the wheel ; 
the valves o]K»ning in the directions 
in which the weights are pressed, but 
not in the amtrary. 

" As the steam-vessel moves round, 
it is supnlietl with steam fnmi the 
lx>iler, and that which has jierfonneii 
its office may either be discharged by 
means of condensers or into the open 
air. 

" Sixthly, I intend in some cases to 
apply a degree of cold not capable of 
re<lucing the steam to water, but of 
contracting it considerably, m that 
the engines shall be workcJd by the 
alternate exi>ansion and contraction 
of the steam. 

** lastly, instead of using water to 
render the piston or other jiarts of the 
engines air or steam tight, I employ 
oils, wax, resinous bcnlies, fat of ani- 
mals, quicksilver, and other metals 
in their fluid state.** 
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" In 1770 Watt sent his drawings to Soho for his first engine. 
The castings were made at Coalbrookdale, but were found 
exceedingly imperfect, and were thrown aside as useless. 

" In 1776 the first Watt engine was built at Soho, after much 
difficulty in finding suitable workmen, and many inquiries for 
the new engine were coming from Cornwall. 

" In 1777 Watt went to Cornwall and erected an engine at 
Wheal Busy, near Chacewater, and another at Ting Tang, near 
Redruth. Here he met the Hornblowers, who had been erect- 
ing engines in Cornwall for fifty years, they having come from 
Staffordshire. 

** Bonze seems to have been one of the early practical men. 
Watt says he found five of Bonze's engines in Cornwall with 
cylinders of from 60 to 70 inches in diameter. 

" In 1778 Watt was again in Cornwall, and says, * The 
engine at Chacewater goes satisfactorily, making fourteen strokes 
per minute.' " * 

Watt's close top to the cylinder, and parallel motion, 
were great improvements over the open-top cylinder and 
segment-beaded beam before in use ; but the condensing 
away from the cylinder, and use of an air-pump, were 
the leading features of his claims as an improver of the 
steam-engine. These changes led to a saving of fuel, and 
the improved mechanical form gave greater control, but 
neither the speed nor power of the engine was materially 
increased. The pressure of steam remained about the 
same. The vacuum was more perfect in the cylinder, 
but the labour of working the air-pump reduced the net 
gain, and the engine was still a low-pressure steam 
vacuum engine, though greatly improved in usefulness. 

" Watt says, in 1761 or 1762 : — * I made some experiments 
on the force of steam in a Pepin's digester, and formed a species 
of steam-engine. But I soon relinquished the idea of construct- 



Rmiles' * Livo« of Bonlton and Watt.' 



46 SMEATON AND WATT. 

ing an engine upon this principle, from being sensible it would 
be liable to some of the objections against Savery's engine ; from 
the danger of bursting the boiler, and the difficulty of making 
the joints tight, and also that a great part of the power of the 
steam would be lost, because no vacuum was formed to assist 
the descent of the piston.' 

** In 1782, Watt patents an expansive enginey applicable both 
to double and single engines. In both . these forms of the 
apparatus the steam acts not only to form the vacuum, but 
to depress the piston. But still, during the operation of the 
counterpoise, it produces no effect ; and when it was required 
to move machinery, this suspension of impulse was a great 
drawback on its utility. This, however, was not objected to its 
general merit when used as a mover of pumps, and the more so, 
as it was common to the atmospheric engine. 

"The power of the condensing engine is easily known by 
ascertaining the temperature of the steam which moves the 
piston, the arecfc of the piston, and the temperature of the 
vapour which remains in the condenser. It is, however, found 
most expedient to raise the steam to a somewhat higher tem- 
perature than 212°, so as to produce a pressure between 17 
and 18 lbs. on each square inch of the piston ; yet, in practice, 
from the imperfect vacuum which is made in the condenser, 
and after making allowance for the friction of the piston on the 
sides of the cylinder, and for the friction of the various parts 
of the intermediate machinery, this pressure of 18 lbs. on each 
square inch of the piston cannot raise more water per inch 
than would weigh about 8} lbs., so that somewhat more than a 
half of the whole power of the steam is absorbed to give motion 
to the intermediate mechanism."^ 

In 1778 Smeaton applied to Watt for a licence to 
attach the patent condenser and air-pump to the atmo- 
spheric engine, and received the following reply : — 

"By adding condensers to engines that were not iu good 
order, our engines would have been introduced into that county 

' Stuart's • History of the Steam-Engine,' pp. 97, 127, 131 ; published 1824. 
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(which we look upon as our richest mine) in an unfavourable 
point of view, and without such profits as would have been 
satisfactory, either to us, or to the adventurers. Besides, where 
a new engine is to be erected, and to be equally well executed 
in point of workmanship and materials, an engine of tlie same 
power cannot be constru6ted materially cheaper on the old plan 
than on ours. The idea of condensing the steam by injecting 
into the eduction-pipe, was as early as the other kinds of con- 
densers, and was tried at large by me at Kinneal. We shall 
have four of our engines at work in Cornwall this summer ; two 
of them are cylinders of 63 inches diameter, and are capable of 
working with a load of 11 or 12 lbs. on the square inch." ^ 

Such was the estimate by those two eminent men of 
the relative power of the Watt and the Newcomen 
engine, using eteam of a pressure just sufficient to 
overcome the weight of the atmosphere, trusting to 
the condensation and vacuum for its effective power. 
The vacuiun was more perfect in the Watt engine 
than in the earlier atmospheric engine of Newcomen, 
but this seeming gain was much reduced by the power 
required to work the air-pump. A gross power, made 
up of 14 or 15 lbs. from vacuum, and 2 or 3 lbs. steam 
pressure, was reduc^^d to one-half by the numerous 
drawbacks in the movements of the engine. 

In 1712 the Griff atmospheric engine had an effective 
force of 10 lbs. on each square inch of the piston. In 
1 746 the atmospheric engine at Pool Mine, with steam 
of 2 or 3 lbs. to the inch above the atmosphere, worked 
fifteen strokes a minute. In 1758 Borlase said that the 
quickness of movement of the atmospheric engine in 
Cornwall depended on the steam pressure driving the 
engine faster or slower. In 1775 the Bullan Garden 
atmospheric worked sixteen strokes a minute. In 1778 

' Farey * ()n the 8 team-Engine,' p. 329. 
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Watt's Chacewater engine, with Bteam about 1 lb. on 
the inch above the pressure of the atmosphere, worked 
fourteen strokes a minute. 

The working therefore of an engine by the elastic 
force of steam was more advanced a quarter of a century 
before Watt's patent, than a quarter of a century after 
it. The Newcomen pumping engine, when at rest, had 
its piston at the bottom of the cylinder, under which 
the valve admitted steam of 2 or 3 lbs. on the inch, 
counterbalancing the weight of the piston, and raising 
it to the top of the cylinder ; a jet of cold water pro- 
duced a vacuum, and caused the piston to descend with 
a force of 14 lbs. of atmospheric pressure on each 
square inch of its surface, together with its own weight 
of 2 or 3 lbs. on the inch. 

The Watt pumping engine had a close-topped 
cylinder, with its piston at the top when at rest; a 
valve admitted on it steam of 1 or 2 lbs. on the inch ; 
the equilibrium valve then allowed the steam to 
pass also into the portion of the cylinder under the 
piston ; an exhaust-valve at the bottom of the cylinder 
then passed the steam from under the piston to the 
condenser, where a jet of cold water caused a vacuum, 
and the piston descended with a force of 14 lbs. from 
vacuum, and 1 or 2 lbs. of steam pressure on the piston, 
being together no more than the atmospheric engine. 

It is beyond our comprehension that for fifty years 
the use of the steam-engine was confined to the pumping 
of water. 

In 1780 Mr. Matthew Wasbrough and Mr. James 
Pickard gave rotary motion from the steam-engine by 
a crank. Watt objected to the use of his patent engine, 
if the crank was attached to it, and invented sun-and- 
planet wheels in place of the crank. 
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The rivalry of pfitent claimants, or ignorance, retarded 
the use of the rotary steam-engine until 1784. This is 
the more remarkable when bobs with connecting rods 
attached to cranks on the axles of water-wheels were 
in common use in Cornwall before 1758, and must 
have been seen by Watt during his residence there in 
1777. They were so used by Trevithick, sen., before 
the time of Watt, in Bullan Garden and other mines 
in which Watt erected engines. There is this dif- 
ference, that in the one case the crank gave motion 
to the bob, and in the other the bob gave motion to 
the. crank. 

" More effectual is the water-wheel and bob : an 
engine whose power is answerable to the diameter of 
the wheels, and the length of the bobs, fastened to its 
axis by large iron cranks; a perpendicular rod of 
timber to each end of the bobs works a piston in a 
wooden or (which is far better) a brass hollow cylinder."^ 

The drawing of Bullan Garden in Chapter U. shows 
the cranks, connecting rods, and beams, in general use 
in Cornwall for half a century before Watt used them. 

"In 1781, Wasbrough having entered into an 
arrangement with the Commissioners of the Navy to 
erect a crank engine for grinding flour at the Dept- 
ford Victualling Yard, made a formal application to 
Bonlton and Watt to supply their engines for the pur- 
pose : Watt protested that he could not bring himself to 
submit to such an indignity."^ 

"Up to 1780, the use of the steam-engine was con- 
fined to the raising of water. The earliest of Mr. 
Watt's steam-engines, giving a rotatory movement. 



' See Borlasc, publishcNl 175H. 
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were erected in 1784 — one for Mr. WhitbreacVs brew- 
house, and one for the Albion Mills." * 

The crank Avas also about that time applied to 
atmospheric engines, but the disputes between Watt 
and others, on their priority of claim and patent rights, 
on the new invention of the old crank, retarded its 
use in the steam-engine for several years. Watt's first 
rotary engine, in 1784, had his sun-and-planet wheels, 
and the simple but unfortunate crank, with its patent 
honours, had to wait still longer before it was allowed 
to take its place as the most useful limb in the growing 
steam-engine. 

Cook's Kitchen water-wheel, still at w^ork, though 
well known before the time of Watt, was thus spoken 
of in 1778:— 

** The water- engine at Cook's Kitchen Mine is 48 feet in 
diameter, and works her tiers of jmnips of 9-inch bon*, which, 
l)eing divided into four lifts, draw 80 fathoms nnder the adit. 
The water-wheel with bobs, whose power is answerable to the 
diameter of the wheel, and the sweep of the cranks, fixed in 
the extremities of the axis ; over them the large bobs are hung, 
ii|K)n brass centre gudgeons, supported by a strong frame of 
timber, and rise and fall according to the diameter of the sweep 
of the crank. 

"To each crank is fixed a straight lialf-split of balk timber, 
that communicates with each bob al>ove ; at the other end or 
nose of the bob, over the shaft, a large iron chain is pendent, 
fastened to a perpendicular rod of timber, that works a piston 
in an iron or brass hollow cylinder."'^ 

This wheel, used by Trevithick, sen., a hundred years 
ago, was at work l)efore Watt erected his (!3-inch 
cylinder engine in Dolcoath, from which it was distant 
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but a stone's throw. Hunter renewed it under Trevi- 
tbick, jun., in 1803.' In the Valley smiths' f^liop near it, 
Trevithick, jun., constructed his globular tubular boiler 
of 1800, and also his cylindrical boiler of 1811 for the 
Dolcoath engine. 
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CHAPTER IV. 



EARLY LIFE OP TBEVTTHICK. 



Richard Trevithick, jun., was born on the 13th of 
April, 1771, under the parental roof, in the parish of 
Illogan, county of Cornwall. His birth-place is now 
a double cottage, around which clouds of mineral sand 
from the surrounding mine-works float in tlie wind, 
depositing layers of pounded rock on everything in 
house and garden. A hundred years ago it was the 
manager's residence, delightfully situated at the foot 
of the north-west slope of Carn Brea Hill, with its 
ancient castle and Druidical legends. It is in the 
centre of the famous old and rich mines of Dolcoath, 
Cook's Kitchen, Pool, Tin Croft, and Koskear, and 
within a mile of each of them. 

He was the first surviving son of five children, and 
was the mother's pet. Shortly after his birth the family 
removed a few miles, to a leasehold of Penponds, near 
Camborne. His mother's wedding-ring, which the 
writer has just placed on his finger, is seven-eighths 
of an inch internal diameter, and weighs a quarter of 
an ounce. On the inside of the ring are the words, 
" Grod above, increase our love." The letters are not 
engraved, but indented with a common cliisel, prol)ably 
the lover's handiwork. The boy's first and only school 
was in the adjoining small town of Camborne ; the 
master reported him a disoliedient, slow, ol>stinate, 
spoiled lx)y, frequently absent, and very inattentive. 
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Stories are told of his remaining by himself for hours, 
drawing lines and figures on his slate in place of the 
school lesson. 

His school attainments were limited to reading, 
writing, and arithmetic. The master once said, " Your 
sum may be right, but it is not done by the rule." 
Trevithick replied, "I'll do six sums to your one." His 
father wished him to sit at the office desk in one of the 
mines, but he chose to wander through the mines by 
himself, holding little converse with others, but well 
able to defend himself in case of attack. 

A difficulty among mine agents about some under- 
ground levels led young Trevithick to offer to correct 
the error. Old heads disapproved at first, and then 
allowed him to try his hand. Grenius enabled him to 
comprehend the rude surveying instruments of that 
day, and the untrustworthy character of the magnetic 
needle when near iron tools or machinery ; and he laid 
down a course which was successfully followed, where 
older heads with more experience had failed. 

A letter, written in 1845 by Captain Henry Vivian, 
describes Trevithick, and his partner in connection with 
the first high-pressure steam-engines. 

** My father was a man of great inventive and arithmetical 
powers of mind ; he has often made up the duty of an engine 
while we have beeu walking the road together, multiplying six 
figures by four figures, and giving the answer without aid of 
pen or paper, by retaining the figures in memory. 

" Mr. Trevithick was a man of still greater powers of mind, 
but would too often run wild, from want of calculation. They 
did well together, but badly when separated." 

Among the traditions of Trevithick, a favourite one 
is the story of a mine account, at which the mine 
agents and adventurers met, and after settling the 
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accounts, partook of a good dinner and mine-account 
punch, followed as a matter of course by rough jokes, 
which passed freely in those times. Captain Hodge, 
a large, strong man of six feet in height, ventured on 
a little friendly tussle with Trevithick. Hodge was 
seized by the middle, and turned upside down; the 
print of his shoes being left in the ceiling of the 
room. What a jolly roar of laugliter burst from those 
originals ! That account-house in Dolcoath was allowed 
to stand for many years as a memento of his great 
strength. He threw a sledge-hammer, they say, 14 lbs. 
weiglit, over the engine-house cliimney, but the writer's 
informant could not tell him the height ; some said it 
never came down again. 

He was famous also as the only one who could throw 
a ball over the Camborne church-tower, when standing 
near enough its base to touch it with one foot. 

One day the mine athletes, in their trials of strength, 
attempted to lift from the ground a O-incli cast-iron 
pump, such as was used in the mines, weighing seven 
or eight hundredweight. When Trevithick's turn came, 
he lifted the pump on to his shoulder and Ciirried 
it off. 

His excusable vanity was gratified by a request from 
a member of the College of Surgeons that he would 
show them his strong frame ; and their telling him 
that thev had never l)efore seen muscle so finelv deve- 
IojxhI, interested his Cornish friends, who delighted in 
physical strength. 

Captain Joseph Vivian, when a young man, knew 
Trevithick well, liowls was a favourite game in 
Cornwall, and sometimes thev used to try who could 
throw the j.ack ball to reach the church door l>efore it 
touched the ground. Captiiin Dick threw the jack not 
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only to reach the church, but clean over it, and it 
fell in Jacky Williams' garden. At Crane Mine, the 
young men standing in the door of the smiths' shop 
tried to throw a sledge against the wall of the engine- 
house across the yard ; but Captain Dick happening to 
come by, threw the sledge across the yard and over 
the roof of the engine-house. 

Captain Andrew Vivian's story was, that one day he 
and Trevithick were walking in London, when a lot of 
pickpocket fellows hustled them about; Captain Dick 
laid hold of one in each hand, and knocking their heads 
together, gave them a swing and scattered the whole lot. 

Vivian had often seen him write his name quite easily 
on a beam about six feet above the floor, with a 56-lb. 
weight suspended from his thumb, the arm being ex- 
tended at full length. Captain Andrew thought him- 
self a good hand at figures, and sometimes when he 
was working away at a calculation, Trevithick, who 
had not made a figure, would say, " Well, Captain 
Andrew, it will be about so and so ; " and was always 
very near the truth. 

"3Ir. Hu^h Hunter, aged eighty-seven years, the foreman 
caq)enter in Cook's Kitchen for the last sixty-six years, has 
often seen Captain Trevithick lift the mandril, and liundreds 
of people used to come to see hira do it. He used to put a 
bar of iron inside the mandril and ftisten another bar to it so 
that he could get a good hold. A strong stool was placed on 
each side of the mandril, upon which he would stand with the 
mandril between his legs, and would lift it off the ground. He 
was an uncommon quick-spirited man, and the strongest ever 
known. The weight of the mandril was ten hundredweight."^ 

"John Vivian, the foreman smith, hud worked in the mine 
for fifteen years. Tlie mandril was always known as the onp» 



' This mandril is in the PaU'nt Museum at Kensington. The Ktatemcnt 
WHH by Hmitor at PcxjI to the writer in IH^lli. 
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that Captain Dick used to lift, and that nobody else could. 
His father worked in Dolcoath under Captain Dick about 1800, 
and ho used to say how Captain Dick would climb up the great 
shears, or triangles, fifty or sixty feet high, and, standing on the 
top of the three poles or shear-legs, would swing around a heavy 
sledge-hammer. He did it for exercise, and to steady his head 
and his foot." ^ 

When the writer was a young man, Kneeboiie, a 
strong Cornish wrestler, working in the tin-smelting 
works at Ilayle, lifted liim from the ground with one 
hand, at arm's length; he then raised two blocks of tin, 
each of them three hundredweight, from the ground, 
remarking, '* Captain Dick Trevitliick could lift three 
blocks as easy as I can two; and he also lifted an old 
piston-rod, seven or eight hundredweight, with a man 
sitting on each end of it." 

Two rocks rising from the sea, a short distance from 
the cliffs, at St. Agnes Head, near Redruth, named in 
charts '' The Man and his Man," were for many years 
known in the neighbourhood under the familiar term, 
'• Captain Dick and Captain Andrew ; " one of the 
rocks is much larger than the other. 

The earliest trace of steady occupation followed by 
Richard Trevitliick, jnn., is in his father's account- 
book of Stray Park Mine in 1700, where he received 
30^. a month. His father, as the manager of the mine, 
stands at the head of the book at 40^. a month. 

Trevitliick was then eighteen years old, and in the 
rate of wages paid in the mine came next to the manager; 
he must therefore have had years of experience before 
that period. Roys then left the village school for the 
fight of life at ten or twelve years of age. 



' SUiteinent l»v Vivian, unrkiiij^ in CV^ok's Kitchen Mint*, t<» the writer, 
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The name appears in the monthly accounts without 
intermission for two years, until 1792, when he was 
employed by the shareholders in Tin Croft Mine to 
examine and report on the relative duties, or work 
done with a certain quantity of coal, in the patent 
engine of Watt, and in that of the double-cylinder 
engine of Hornblower, who stood high in Cornwall as 
an engineer before the time of Watt. 

At the early age of twenty-one Trevithick was there- 
fore in public and professional contact with Watt, and 
from that period dates the competition of the great 
low-pressure engineer and his youthful and vigorous 
high-pressure rival. 

In 1795 Trevithick erected a steam-engine at Wheal 
Treasury Mine, competing with Watt, and also with 
Bull, jun., both of whom received pay for the saving 
of fuel by improvements in the steam-engine in mines 
under the management of Trevithick, sen. This con- 
tinued until the end of 1797, when the account ceases. 

" Wheal Treasury Cost, June, 1793 : — 

"Richard Trevithick, jun., 13 days at 3s. Qd, 

" Richard Trevithick, sen., for expenses at Helston, at sundry 
times, and at other places, waiting on the adventurers. Is. 6cZ. 

" Richard Trevithick, jun., for moving and erecting the eastern 
engine, 21/. 

"Ditto, for one month's attendance on ditto, \l. lis. Qd. 

" Ditto, for one month's saving respecting the eastern engine, 

m. 

" To Edward Bull, for his attendance, 21. 2s. 
" To Mr. Bull's engine, for two months' saving respecting his 
engine, 43/. 12s. 

"1796, ilpWZ;— 

^ The said Richard Moylo subjects himself to pay any demands 
which may be hereafter made by Messrs. Boulton and Watt, 
for savings in the said mine. 
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"At a meeting of the old adventurers of Wheal Treasury 
Mine, held this 27th day of March, 1797, at Praze-an-Beeble, 
it was unanimously resolved that the earnings claimed by 
Boulton and Watt should not be paid till the validity of their 
jmtent should be fully proved." 

Trevithick, juii., bad taken down an old engine, 
probably a Newcomen atmospheric, and re-erected it 
with liis own particular improvements, from which he 
received al>out the same rate of *' saving money " as 
Bull. There is no entry of saving money paid to Watt ; 
but in the following year an outgoing shareholder was 
made liable for any demand Watt might make, and again 
in the next vearthe mine determined to refuse Watt's 
claim for ''s;^vin2: monev." Smiles savs that Wheal 
Treasury had l>een supplied with an engine by Watt ; 
so tbeiv weix? thive rival engines and rival engineers 
under the management of Trevithick, sen., as there 
had Kvn twentv vears before at Dolcoath. 

Tiwitbick, sen., put but a small money value on 
bis labours, for Helston was about ten miles <listant ; his 
travelling to it and to other places, " sundrv times, 
waiting on the adventurers," led to a bill of 7.v. ikl. for 
ex{>er>ses. His son, who had been entrusted with the 
improving and re-erecting of an engine, received as 
daily pay 3.9. Gd. ; and at tlie age of twenty-four was 
in oi>en and active opposition to the sweeping claims 
of Watt. 

The late Captain Richard Eustace related, as an 
early incident in Trevithick's life, that "at Wheal 
Treasury one of Boulton and Watt's pumping engines 
worked badly, and at last stopped. The engineman 
in charge could do nothing with her; the water was 
rising in the mine; when Trevithick, jun., offered his 
services, and made things right. His father boasted 
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that the best maD in the mine could not do what his 
boy had done." 

There is no record of the particular kind of engine 
tlien erected by Trevithick ; he was not, as has been 
stated, in partnership with Bull, jun., for during the 
three years the monthly saving in coal by his engine 
and the entries to Bull are quite distinct, and also 
their monthly payment as engineers keeping the 
engines in order. They both strove to avoid Watt's 
patent claims by combinations and improvements, 
especially by an engine since known as Bull's. A 
drawing* made by Trevithick probably in those early 
days represents this kind of engine, which remained in 
use in Cornwall for many years; several are at work 
in the London Water-works, and one or two at Batter- 
nea at the present moment. 

This double-acting engine has never received its 
fair share of credit, for as compared with its rival, the 
Boulton and Watt patent engine, it is more simple, and 
less costly ; matters of more importance then than now. 
The doing away with the heavy beam and parallel 
motion, the placing the injection-valve in the exhaust- 
steam pipe, thereby avoiding the larger and separate 
condensing vessel used by Watt, and the double-acting 
air-pump, were bold and successful ideas, easy of con- 
struction, economical in operation, and widely different 
from the*Watt engine. 

Plate II. shows a side elevation of this direct-action 
or Bull engine, drawn by Richard Trevithick, pro- 
bably in 1795. a is a steam-cylinder; 6, wood beams 
supporting cylinder ; c, piston-rod ; d, pump-rods ; 



' The drawing was given hy Tre- drawing : it had neither name, dati.', 
vi thick to the writer, in 1830, as a i nor scale attached — a strong evidence 
sample of a properly-made niechanicjil i ol" an original Trevithick drawing. 
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e^ pumps ; /, engine-shaft ; ffy balance-beam connecting 
rod; A, balance-beam; e, box for balance-weights; j\ 
plug-rod and air-pump bucket connecting rod ; k^ snift- 
ing valve ; /, air-pump ; 7w, air-pump bucket-rod ; n, 
condensing water cistern ; o, pipe-condenser ; p, in- 
jection-valve ; qj plug-rod; r, gear-handles; 5, the 
valve- nozzles ; f, floor of engine-house; w, condensing 
chamber ; t;, ground level ; w, roof of engine-house. 

The four walls of the engine-house surround the 
pump-shaft, over which the steam-cylinder with close 
top and bottom is placed, supported on strong l)eams 
crossing from wall to wall of the house, the piston-rod 
going direct to the pump-rods, by which the necessity 
for the large beam and parallel motion is done away. 
The usual balance-bob attached to the pump-rods 
gives motion to the air-pump bucket and to the plug- 
rod for working the valves. The condensation of 
the steam takes place in the exhaust-pipe, on which 
the injection-valve is fixed. The valves are worked 
by tappets and toothed segments. The air-pump 
bucket was a solid piston, that of Watt a piston with 
valves. This kind of engine remained in use in 
Cornwall for thirty years, and is the early type of the 
modern direct-action engines ; it had many new ideas, 
and clever modifications of those not new. 

Trevi thick in 1797 was the engineer at Ding Dong 
Mine, near Penzance, where he had erected an engine 
on which Boulton and Watt laid an injunction for 
infringement of their patent; to avoid payment the 
engine was converted into an open-top cylinder, 
without beam or parallel motion. About the same 
time a Bull engine was erected at the Herland Mine, 
in the spirit of rivalry with Watt, who had placed 
there one of his best engines. 
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The late Captain Samuel Grose said : — " My first occu- 
pation, after leaving school, was as a young assistant- 
engineer for Mr. Trevithick. In 1802, an engine 
worked at the Herland Mine, which had been erected 
by Bull, jun., and Trevithick about 1798, whose 
cylinder, 60 inches in diameter, was placed over the 
shaft; the piston-rod attached to the pump -rods; it 
had an air-pump, and low-pressure boilers; there 
were no large high-pressure engines then. Bull, sen., 
died about 1780, and shortly after Captain Trevithick 
was the head engineer in the county."* 

It seems, therefore, that the elder Bull died in the 
earlier part of the fight between Cornish engineers and 
Watt. His son Edward Bull followed in his father's 
steps as an engineer. 

Trevithick, jun., and Bull, jun., worked together in 
the improvement of the steam-engine ; but no ti^ce has 
reached the writer of the form of the Bull engine on 
the death of William Bull, sen., at which time Trevi- 
thick, jun., was nine years old. Trevithick used and 
improved the Bull engine after the death of its in- 
ventor, and in conjunction with Edward Bull, jun., 
erected engines to compete with Watt during the very 
height of the acrimonious and long- pending patent 
lawsuits. 

James Bolitho " had worked in Ding Dong for fifty 
years; his father, Thomas Bolitho, worked all his life in 
the mine, and frequently spoke about the engine that 
Captain Trevithick put up ; she had not worked long 
before Boulton and Watt came down with an injunc- 
tion printed out, and pasted it up on the door of the 
engine-house, and upon the heaps of mine-stuff, and 

* Statement given in 1858, nr)t lonj; l)ofnrc Captain Grost^'s doath. 
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nobody dared to touch them. But Captain Trevithick 
did not care ; he and Bull and William West came and 
turned the cylinder upside down, right over the pump- 
rods in the shaft ; they took off the cylinder top (it was 
the cylinder bottom before they turned it upside down) ; 
water and oil used to be on the top of the piston to 
keep it tight. Captain Trevithick at that time put 
a wind-engine in the mine; sometimes it went so fast 
that they could not stop it; some sailors came from 
Penzance and made a plan for reefing the sails." ^ 

This was one of the many skirmishes with Watt, 
causing the engine to work as an open-top cylinder 
atmospheric, rather than pay the patent demands. 

Davios Gilbert thus describes his first acquaintance 
with Trevithick : — 

** My dear Sir, " ^-^«t i^ourne, Ajn-a 20, isso. 

** I will give as good an account as I can of Richard 
Trevithick. His father was the chief manager in Dolcoath 
Mine, and he bore the n^pntation of being the best informed and 
most skilfnl captain in all western mines ; for as broad a line of 
distinction was then made between the eastern and western 
mines (the Gwennap and the Camborne llines) as between those 
of different nations. 

"I knew the father very well, and about the year 1790 I re- 
member hearing from Sir. Jonathan Hornblower that a tall and 
strong young man had made his apjx^arance among engineers, 
and that on more than one occasion he had threatened some 
people who contradicted liim to fling them into the engine-shaft. 
In the latter part of November of that year I was called to 
London as a witness in a steam-engine cause between Messrs. 
Boulton and Watt and Mal>erley. There 1 believe that I first 
saw 5Ir. llichard Trevithick, jun., and certainly there I first 
became acquainted with him. Our correspondence commenced 
soon afttTwards, and he was very frequently in the habit of 

' StatfiiHMit l>v .lames I5<»lithfiii 18<;8. 
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calling at Tredrea to ask my opinion on various projects that 
occurred to his mind — some of them very ingenious, and others 
so wild as not to rest on any foundation at all. I cannot trace 
the succession in point of time. 

" On one occasion Trevithick came to me and inquired with 
great eagerness as to what I apprehended would be loss of power 
in working an engine by the force of steam, raised to the pressure 
of several atmospheres, but instead of condensing to let the steam 
escape. I of course answered at once that the loss of power 
would be one atmosphere, diminished power by the saving of an 
air-pump with its friction, and in many cases with the raising of 
condensing water. I never saw a man more delighted, and I 
believe that within a month several puffers were in actual work. 

"Davies Gilbert. 

"J. S. ExYS, Esfj." 

Probably the meeting with engineers at those legal 
contests and the shrewd questioning of lawyers led 
him to ponder on the possibility of working an 
engine without air-pump or vacuum, and within a 
few months several steam-puffers were at work ; the 
i<lea was soon made practically useful, showing not 
(inly the energy of Trevithick's resources, but also his 
practical authority as an acting engineer. The high- 
preswire steam-engine may be said to date from 179G. 

The first account-book in my possession in the hand- 
writing of Richard Trevithick, jun., is dated 1797. 
The pages are headed Dr. and Cr. ; but during the 
several years the book was in use not one single account 
was balanced ; it commenced as a ledger, but was used 
as a day-hook. Comparatively large amoiuits of money 
passed through his hands. lie was the engineer sup- 
plying machinery, and having mechanics in his pay in 
the following mines : — Ding Dong, Wheal Bog, Wheal 
Druid, Hallamanin, Wheal Prosper, Wheal Hope, 
Wheal Abraham, Dolcoath, Uosewall Mine, Polgranc, 
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Trenethick Wood, Baldue, Trevenen, Wheal Rose, 
Wheal Malkin, East Pool, Wheal Seal -hole, Cook's 
Kitchen, and Camborne Vean. 

Many of the entries are for his improved plunger- 
pole pit-work, and also for his high-pressure portable 
steam-engines ; for from that time he made no more 
low-pressures. 

On the death of his father in 1797 he was elected and 
employed to fill the vacant position of leading engineer 
in Cornish mining. Supreme in the district west from 
Dolcoath, but having an opposing, or Watt party, in 
the Gwennap, or eastern district. 

About this time, while preparing machinery at Hayle 
Foundrv, his friend William West had fallen in love 
and married Miss Johanna Harvey. Trevithick fol- 
lowed his friend's example, and while on high-pressure 
engine business at Mr. Harvey's foundry, fell in love 
with Miss Jane Harvey. The marriage was in 17fl7. 
Both families were well known for business ability and 
good looks. The bride was tall and of fair complexion, 
with brown hair. The bridegroom 6 feet 2 inches high, 
broad shouldered, well-shaped massive head, blue eyes, 
with a winning mouth, somewhat large, but having an 
undefinable expression of kindness and firmness. 

Their first residence was at Moreton House, near 
Redruth, within a stone's throw of Murdoch's house, 
and but little farther from Watt's residence at Plane-an- 
Guarry. Murdoch's house still stands, in Cross Street, 
Redruth ; those still live who saw the gas-pipes con- 
veying gas from the retort in the little yard to near the 
ceiling of the room, just over the table ; a hole for the 
pipe was made in the window-frame. The old window 
is now replaced by a new frame. Mrs. Trevithick had 
seen Murdoch once in her house; he was considered 
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a clever and agreeable person. Mr. Trevithick was 
friendly with him, but not intimate. Watt lived close 
by, but never came to their house. 

Moreton House was taken for a year, but after nine 
months' occupation, Camborne became their place of 
residence. Soon after their removal a demand was 
made for a second year's rent for Moreton House. 
Trevithick threatened to shake the applicant; did not 
everybody know that he had left the house months 
before? "Perhaps so," said the man, "but you pro- 
mised to give me the key, and I have not got it yet." 
The key was found in some cast-off coat-pocket of 
Trevithick's, and his carelessness cost him a vear's 
rent. 

The Williamses, Foxes, and others, men of money and 
business experience, controlled the Gwennap district, 
and encouraged Watt to erect his engines in Cornwall. 
Trevithick, jun., belonging to the western or Camborne 
district, gave evidence against Watt's claim in 1796, 
and was then spoken of as the tall and strong young 
man who cared not for Watt. 

The idea of working an engine by the pressure of 
steam flashed on his mind as a real and important dis- 
covery; his scientific friend, who was perfectly con- 
versant with Watt's engine, viewed it in the same light, 
though failing to trace its full practical bearing. " A 
puffer-engine would lose the power from vacuum, minus 
the power required to work the air-pump, and the 
conveyance of condensing water." This was the me 
thodical answer of the man of learning, describing 
the difference between the low-pressure steam vacimm 
engine of Watt, commonly called steam-engine, and 
the proposed engine of Trevithick, relying on the 
pressure of steam for its power ; but the latter saw its 

VOL. I. F 
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extensive range and value in a practical sense not 
dreamt of by his friend, and within a month several 
such engines were at work, some of which have con- 
tinued in constant operation almost to the present day. 
The new principle then discovered is unchanged, 
and is most prominently illustrated in the locomotive 
engine, where the vacuum engine of Watt could not 
be used. 
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CHAPTER V. 

PLUNGEB-POLE PUMP AND WATER-PRESSURE ENGINE. 

Ax account-book, in Trevithick's writing, commences : — 

" 1797. To Ding Dong, for five weeks' attendance, at a guinea 
a week. 

"Ditto, fixing a 7-ineh pole-case with new lifts and wood 
wind-bore. 

** 1798. Fixing, in East Pool Mine, a 4J-inch pole, &c, 

" Ditto, the same in Prince William Henry." 

These and similar entries are frequent in what appears 
to have been commenced as Trevithick's ledger-account of 
outgoings and incomings on his taking the post of chief 
mine engineer, made vacant by the death of his father. 
Men's wages are charged at numerous mines for putting 
in pit-work, building engine-houses and boiler-houses; 
and various entries for wood, leather, pumps, &c., for 
pit^work. 

The increasing depths of the mines, and greater 
power of the steam-engines for raising water, necessi- 
tated a change in the rude, weak pit-work, with pumps 
made of wood hooped with iron, having buckets with 
leather-cup packing and valve which only raised water 
with the upward motion of the rods. Pistons without 
valves, similar to those used in steam-engines, worked in 
brass or iron pump-barrels, forcing the water upward with 
the downwatd movement of the pump-rods, reducing the 
strength and weight of the pump bucket-rods by one-half. 
Their descending weight about balanced the ascending 
water, while with the valve-bucket pump the rods had 

K 2 
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to be strong enough to bear their own weight and also 
that of the column of water. 

PI The practical cause of failure of the solid 

^ J U piston was its liability to jam in the pump- 

Wf ^ ^ barrel by sand or gravel ; while the break- 

XB age of a leather-cup bucket, or leakage of 

its leather valve, was apt to cause serious 
accident to the costly pump-rods, and even 
to the steam-engine. 

The plunger-pole made useful in the 
Cornish mines by Trevithick, met all the 
requirements ; raising the water by the 
descending pump - rods, having great 
simplicity of structure, and freedom from 
breakage or liability of jamming. 

The great value of this invention or 
application is proved by its continued use 
in pump- work, precisely as erected by 
Trevithick in 1797. Plunger-poles, fitted 
to the case, the latter having longitudinal 
grooves for the passage of the water, had 

a. the -pump-rod, " , -'■ ^ .,.,, 

JLTfl' ^""^"T* ,'"'*' been used in France: but Trevithick s 

the hollow cast-iron ' 

5254*^ ^''thT^^iS^ plunger-pole worked in an unbored pole- 
Sr'thVJ!a2ig?*S case, the sides of which were not touched 

wat«r round the pole ; ,,,---, . , , 

toe"boiSS"vau?'ai!: ^Y ^^^ ^ole. The upcast pipe shown close 
toilSsSi?^?/. to the top of the pole-case allowed the free 

eaae on the ai>cent of r * * j • i 

the pole; /. the top cscapc ot air : it 18 now, however, more 

TalTe. through which «, ,, i, |*, 

5JiJ*o? iiii*'*dSc?St *r^qu®i^tly attached to the bottom ot the 
of the pole. pole-case. By leaving the packing in 

the stuffing box a little slack, air escapes ; while a water 
cup on the top of the stuffing-box gland prevents the 
admission of air through the slack packing. 

^ With the old atmospheric engine common bucket pumps 
were employed, the whole depth of tlie shaft being divided into 



Trkvithick'b 
Plusokr-polb Pomp, 

1797. 
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several lifts ; and the rods of each pump, ascending separately 
to some distance above the topmost lift, were then united to 
one rod attached by a chain to the engine-beam. 

** When Watt's engine was introduced, the pit-work remained 
pretty nearly the same, except that, instead of the long separate 
rods to each lift, one main rod was substituted, to which smaller 
rods were attached by ties, to work the pumps at the various 
levels where they were required. This arrangement has continued 
to the present day, and is much superior to the old plan." ^ 

** Among other things, Murdoch proposed the use of Sir 
Samuel Morland's plunger-pump in the pit-work, not as a 
general substitute for, but as an addition to, the lifting pumps, 
in order to suit the double-acting engine, by making the pumps 
double-acting also. In 1796, one of those was employed at Ale 
and Cakes, a mine now forming the eastern part of the United 
Mines." ^ 

Murdoch apparently used, in Ale and Cakes Mine, 
a plunger-pole to suit the particular requirements of 
Watt's double-acting engine. Trevithick's account, 
commencing in the following year, deals with plunger- 
pole pit-work, not as a makeshift, but as a principle 
on which pit-work in a mine should be constructed. 
He removed the old lifting-bucket pit-work and re- 
placed it by the plunger pit-work in several mines, 
in 1797. 

Probably neither Murdoch nor Trevithick knew of 
its having been patented one hundred years before, 
which takes from them the claim of invention, though 
the practically useful introduction rests with Trevithick. 

Gregory's * Mechanics,' a much-esteemed book on 
pump-work, speaks highly of Trevithick's temporary 
forcer, and gives a drawing of it. 

* Eoys " On the Cornish Engine," The plunger-pump was invented by 
• Trans. In»t. C. E./ vol. iii. ■ Sir Samuel Morlaud. and patented 

* Ibid. Appendix G to Trcdgold. i by him in 1075 (p. 115). 
Pule •C)n Cornish Engim-s/ p. 112. 
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" Forcer, temporary, for a pump, is a contrivance to produce 
a constaat etream. A veiy simple forcer of this kind has been 
devised by Mr. B. Trevithick; it coosists in fixing a barrel 
with a solid piston along the side of the common pump, in such 
a manner that the lower space of the ad- 
ditional barrel may communicate with the 
space between the two valves of the pump, 

n^ and lastly, by connecting the rods so that 
¥ ? they may work together. The effect is, 
I ■ that when the pistons are raised the spaces 
I beneath A and B become filled by the 

pressure of the atmosphere, at the same 
time that the upper column flows out at E. 
But again, when the pistons descend the 
valve C shuts, and consequently the water 
driven by the piston in B must ascend 
through A, ^d continue to produce an 
equal discharge through E in the down- 
stroke." ' 

This combined bucket and forcer 
pump, known under the name "Trevi- 
thick's pump," gives him the claim of 
*" '"'* invention. His account -book, com- 

mencing in 1797, does not warrant the supposition 
that his plunger-pole pit-work was only then used for 
the first time. 

The diffusion of useful knowledge was in those days 
so remarkably slow, that the managers of neighbouring 
mines went each his own particular course, in ignorance 
of changes and improvements that others were benefit- 
ing by. Lean tells us that, 

"In 1801, in Crenver and Oatfields, in the parish of Crowan, 
be found the pit-work to consist of leathern buckets, with two 




' ' Nich. Joum.,' Ki>. 7, N.S. Oifgory'i ' Mcrhmiics,' p. 196, voj. 
published laott. 
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or three pistons, such as were at that time in general use for 
plungers, in a very bad state ; and it may be safely asserted that 
the engines were idle at least one-third of the time, repairing 
the pit-work and changing the buckets. And here he first 
introduced (what is now so generally used, and with so great 
advantage) the plunger-pole, instead of the common box and 
piston, wherever he found it practicable." ^ 

It is evident that the plunger-pole, before Trevithick 
took it in hand, was a floating idea struggling to 
become a reality. Its great value is in its simplicity, 
amounting to a principle, not generally known to the 
miners in Cornwall in 1801, as the pump to supersede 
all others, in deep mines. 

Trevithick's first move was to meet the requirements 
sought for by Murdoch — the lifting of water by the 
down-stroke of the pump-rods as well as by the up- 
stroke, exemplified in the temporary forcer, in which 
the pump-bucket, with its valve, and the solid piston, 
were placed side by side, one common bottom-valve 
serving for both pumps. The result of the combination 
was a constant upward stream of water and the non- 
necessity for the top valve in the water column ; the 
water from the force-pump barrel passed up through 
the bucket-valve in the pump-barrel on the down- 
stroke, while the up-stroke propelled the water from the 
pump-barrel. Gregory calls it the " Trevithick forcer, 
temporary," as though it was soon to be replaced by the 
still more simple plunger-pole. 

The pole-case was a plain casting with a box for the 
hemp packing; the pole was a cast-iron pipe turned 
on the outside, and fixed like a ferrule on the end 
of the .pump-rods. Two valves formed of two plates 

* Lean^s * Historical Statement of Steam- Engines in Cornwall,' publibhcd 
1839. 
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of iron, with a piece of leather between them, the 
lower plate being less in size than the upper, caused 
the leather to form the face of the valve, making it 
water-tight without employing skilled labour in its 
construction. 

The perfect simplicity of each small part, built on 
ideas partly new and partly seen or heard of before, 
but scarcely traceable, constituted the invention. 

" Mrs. Dennis recollected Mr. Trevithiek at Ding Dong 
about 1797 fixing his new plan of pumps there, and at Wheal 
Malkin and Wheal Providence, adjoining mines. Her parents 
lived at Madron, near these mines, and for two or three years 
Mr. Trevithiek came frequently to superintend the mine-work, 
staying at their house a few days, or a week at a time. He 
was a great favourite, full of fun and good-humour, and a good 
story-teller. She had to be up at four in the morning to get 
Mr. Trevithick's breakfast ready, and he never came to the 
house again until dark. In the middle of the day a person 
came from the mines to fetch his dinner; he was never par- 
ticular what it was. Sometimes, when we were all sitting 
together talking, he would jump up, and before anyone had 
time to say a word, he was right away to the mine." ^ 

" Henry Clark went to work in Dolcoath smiths' shop in 
1799. Captain Trevithiek was putting in a plunger-pole lift ; 
everybody said it would never answer, but the same lift is 
working there to this day (1869). Before that time they used 
buckets and pistons packed with gasket and a ring screwed on 
it ; they used to jam with sand and gravel." ^ 

Trevithiek followed up the application of his new 
plunger-pump with such energy, that during the suc- 
ceediug four or five years several of the principal mines 
had removed their old bucket-lifts, to make room for the 
now plunger-pole lift, and among them Dolcoath Mine. 



» Rcbiding at Pt nzanc-e, 18«9. ' Residing at Kedruth, 1869. 
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In 1798 Trevithick, by one of those moves common 
to master-minds, converted the outline of the plunger- 
pole pump, serving as the agent of the steam-engine, 
into its rival as the prime mover in positions command- 
ing a stream of water through pipes from • elevated 
ground. In this new position it was called the water- 
pressure engine, and its first erection was in Prince 
William Henry Mine,^ for giving motion to the pump- 
rods. The pole and case took the place of the cylinder 
and piston of the steam-engine, and were fixed over 
the mouth of the shaft. The pole working through a 
stuffing box on the top of the pole-case, had a cross- 
head, from which two side rods descended to the pump- 
rods; water was brought in iron or wood pipes from 
the neighbouring high ground, and being admitted by 
a valve to the bottom of the pole, caused it to perform 
the up-stroke ; the release of the water from under the 
pole allowed the weight of the rods to cause the down- 
stroke. This first Cornish water-pressure engine con- 
tinued to work satisfactorily for seventeen years, when 
it required repairs, and was re-erected. 

** Captain Joseph Vivian, the manager of Boskear Mine in 
1868y bAbo worked there in 1815, when they re-erected the old 
water-pressure engine that Trevithick had first put up in 1798. 
It was spoken of as the first water-pressure engine ever erected 
with a pole and side rods. The water was brought through 
pipes for working it" 

"Mr. Symons, when a boy, in 1804 or 1805, used to amuse 
himself by placing a handkerchief on a plug in the wooden 
water-pipes with iron bands, bringing water down from Carnkie 
to work Captain Trevithick's water-pressure engine at Wheal 
Dmid. By loosening the plug, it flew from the pipe up into 

' In Watt's time called Wheal Chance ; then Prince William Henry ; and 
in the present day Roekear Mine. 
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the air, carrying the Iiandkerchief up with it, to the great fun 
of the boys ; only sometimes, when the engineman could sur- 
prise them, they had the rope's end."* 

Eees' * Cyclopaedia ' thus speaks of Trevi thick's Wheal 
Druid pressure-engine, at the foot of Cam Brea Hill, 
close to his home of boyhood, and now known as Cam 
Brea Mine : — 

" A very complete pressure-engine was erected by Mr. Trevi- 
thick at the Druid copper mine in Illogan, near Truro, in 
Cornwall; it acted with a double power, that is, the piston 
pressure was first applied to one side of the piston to force it 
up, and then on the other to force it down, in the same manner 
as a double-acting steam-engine. It acted by two slide-yalyes 
instead of one, but they were so made that one opened rather 
before the other shut, and this, though it wasted a small quantity 
of water by permitting it to escape, prevented the concussion of 
stopping the column of water, which indeed is always in motion." 

" Mr. James Banfield ^ in 1818 was employed in Wheal 
Clowance Mine ; the pumps were worked by Captain Trevithick's 
water-pressiu:e engine. It had a pole about twelve inches in 
diameter, working in a pole-case ; two side rods went down 
fix)m the cross-head on the top of the pole, to a cross-head under 
the pole-case; to this bottom cross-head the pump-rods were 
joined ; the cross-heads worked in wooden guides ; there was a 
balance-bob from which a plug-rod worked the valves, which 
had gear-handles just like a steam-engine. The engine was 
fixed underground at the adit level ; the head of water came 
from Clowance Park. Several similar engines were then at 
work in the Cornish mines ; they used to be called Captain Dick's 
pressure-engines." 

The temporary forcer pump was a combination of 
pump-bucket and solid forcer piston. Before it had 
time to be practically established in general use, it was 



* Mr. Symons resided at Camborne in 1868. 

* Resident in Penzance in 1869. 
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followed by the plunger-pole pump. Then came the 
pole pressure-engine, for giving motion to the plunger- 
pole pumps, followed by the Druid Mine double-acting 
pressure-engine, with solid piston, and water pressure 
acting both on its up and down stroke like the Watt 
steam-engine, but using water pressure and vacuum in 
lieu of steam and vacuum. 

The pressure-engine described by Rees was double- 
acting, having a piston in a cylinder ; that by Banfield 
was single-acting, with a pole, of which several were 
at work in Cornwall in 1815, and. were known as 
Captain Trevithick's pressure-pole engines. 

Gregory's * Mechanics,' published in 1806, gives a 
drawing and full particulars of Trevithick's Wheal 
Druid pressure-engine. 

"Pressure-engines for raising water by the pressure and 
descent of a column enclosed in a pipe, have been lately erected 
in different parts of this country. The principle now adverted 
to was adopted in some machinery executed in France about 
1731 (see Behdor de Arch., Hydraul., lib. iv., ch. i.), and was 
likewise adopted in Cornwall about forty years ago. But the 
pressure - engine of which we are about to give a particular 
description, is the invention of Mr. E. Trevithick, who probably 
was not aware that anything at all similar had been attempted 
before. This engine, a section of which, on a scale of a quarter 
of an inch to a foot, is shown in PI. xxiii., was erected about six 
years ago at the Druid copper mine, in the parish of lUogan, 
near Truro. A B represents a pipe 6 inches in diameter, through 
which water descends, from the head, to the place of its delivery, 
to run off by an adit at S, through a fall of 84 fathoms in 
the whole ; that is to say, in a close pipe down the slope of a 
hill 200 fathoms long, with 26 fathoms fall ; then perpendi- 
cularly 6 fathoms, till it arrives at B, and thence through the 
engine from B to S 2 fathoms. At the turn B the water enters 
into a chamber C, the lower part of which terminates in two 
brass cylinders 4 inches in diameter, in which two plugs or 
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the air, carrying the liandkerchief up with it, to the great fan 
of the boys ; only sometimes, when the engineman could sur- 
prise them, they had the rope's end."* 

Rees' * Cyclopaedia ' thus speaks of Trevi thick's Wheal 
Druid pressure-engine, at the foot of Cam Brea Hill, 
close to his home of boyhood, and now known as Cam 
Brea Mine : — 

" A very complete pressure-engine was erected by Mr. Trevi- 
thick at the Druid copper mine in Illogan, near Truro, in 
Cornwall; it acted with a double power, that is, the piston 
pressure was first applied to one side of the piston to force it 
up, and then on the other to force it down, in the same manner 
as a double-acting steam-engine. It acted by two slide-valves 
instead of one, but they were so made that one opened rather 
before the other shut, and this, though it wasted a small quantity 
of water by permitting it to escape, prevented the concussion of 
stopping the column of water, which indeed is always in motion." 

" Mr. James Banfield ^ in 1818 was employed in Wheal 
Clowance Mine ; the pumps were worked by Captain Trevitliick's 
water-pressiu:e engine. It had a pole about twelve inches in 
diameter, working in a pole-case; two side rods went down 
from the cross-head on the top of the pole, to a cross-head under 
the pole-case ; to this bottom cross-head the pump-rods were 
joined ; the cross-heads worked in wooden guides ; there was a 
balance-bob from which a plug-rod worked the valves, which 
had gear-handles just like a steam-engine. The engine was 
fixed underground at the adit level ; the head of water came 
from Clowance Park. Several similar engines were then at 
work in the Cornish mines ; they used to be called Captain Dick's 
pressure-engines." 

The temporary forcer pump was a combination of 
pump-bucket and solid forcer piston. Before it had 
time to be practically established in general use, it was 



* Mr. Symons resided at Camborne in 1868. 

* Ilesident in Penzance in 1869. 
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followed by the plunger-pole pump. Then came the 
pole pressure-engine, for giving motion to the plunger- 
pole pumps, followed by the Druid Mine double-acting 
pressure-engine, with solid piston, and water pressure 
acting both on its up and down stroke like the Watt 
steam-engine, but using water pressure and vacuum in 
lieu of steam and vacuum. 

The pressure-engine described by Rees was double- 
acting, having a piston in a cylinder ; that by Banfield 
was single-acting, with a pole, of which several were 
at work in Cornwall in 1815, and. were known as 
Captain Trevithick's pressure-pole engines. 

Gregory's * Mechanics,' published in 1806, gives a 
drawing and full particulars of Trevithick's Wheal 
Druid pressure-engine. 

** Pressure-engines for raising water by the pressure and 
descent of a column enclosed in a pipe, have been lately erected 
in difierent parts of this country. The principle now adverted 
to was adopted in some machinery executed in France about 
1731 (see Belidor de Arch., Hydraul., lib. iv., ch. i.), and was 
likewise adopted in Cornwall about forty years ago. But the 
pressure - engine of which we are about to give a particular 
description, is the invention of Mr. E. Trevithick, who probably 
was not aware that anything at all similar had been attempted 
before. This engine, a section of which, on a scale of a quarter 
of an inch to a foot, is shown in PI. xxiii., was erected about six 
years ago at the Druid copper mine, in the parish of lUogan, 
near Truro. A B represents a pipe 6 inches in diameter, through 
which water descends, from the head, to the place of its delivery, 
to run off by an adit at S, through a fall of 34 fathoms in 
the whole ; that is to say^ in a close pipe down the slope of a 
hill 200 fathoms long, with 26 fathoms fall ; then perpendi- 
cularly 6 fathoms, till it arrives at B, and thence through the 
engine from B to S 2 fathoms. At the turn B the water enters 
into a chamber C, the lower part of which terminates in two 
brass cylinders 4 inches in diameter, in which two plugs or 
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the air, carrying the handkerchief up with it, to the great fun 
of the boys ; only sometimes, when the engineman could sur- 
prise them, they had the rope's end."* 

Eees' * Cyclopaedia ' thus speaks of Trevi thick's Wheal 
Druid pressure-engine, at the foot of Cam Brea Hill, 
close to his home of boyhood, and now known as Carn 
Brea Mine : — 

" A very complete pressure-engine was erected by Mr. Trevi- 
thick at the Druid copper mine in Illogan, near Truro, in 
Cornwall; it acted with a double power, that is, the piston 
pressure was first applied to one side of the piston to force it 
up, and then on the other to force it down, in the same manner 
as a double-acting steam-engine. It acted by two slide-valves 
instead of one, but they were so made that one opened rather 
before the other shut, and this, though it wasted a small quantity 
of water by permitting it to escape, prevented the concussion of 
stopping the column of water, which indeed is always in motion." 

" Mr. James Banfield ^ in 1818 was employed in Wheal 
Clowance Mine ; the pumps were worked by Captain Trevithick's 
water-pressure engine. It had a pole about twelve inches in 
diameter, working in a pole-case; two side rods went down 
fix)m the cross-head on the top of the pole, to a cross-head under 
the pole-case; to this bottom cross-head the pump-rods were 
joined ; the cross-heads worked in wooden guides ; there was a 
balance-bob from which a plug-rod worked the valves, which 
had gear-handles just like a steam-engine. The engine was 
fixed underground at the adit level ; the head of water came 
from Clowance Park. Several similar engines were then at 
work in the Cornish mines ; they used to be called Captain Dick's 
pressure-engines." 

The temporary forcer pump was a combination of 
pump-bucket and solid forcer piston. Before it had 
time to be practically established in general use, it was 
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followed by the plunger-pole pump. Then came the 
pole pressure-engine, for giving motion to the plunger- 
pole pumps, followed by the Druid Mine double-acting 
pressure-engine, with solid piston, and water pressure 
acting both on its up and down stroke like the Watt 
steam-engine, but using water pressure and vacuum in 
lieu of steam and vacuum. 

The pressure-engine described by Rees was double- 
acting, having a piston in a cylinder ; that by Banfield 
was single-acting, with a pole, of which several were 
at work in Cornwall in 1815, and, were known as 
Captain Trevithick's pressure-pole engines. 

Gregory's * Mechanics,' published in 1806, gives a 
drawing and full particulars of Trevithick's Wheal 
Druid pressure-engine. 

** Pressure-engines for raising water by the pressure and 
descent of a column enclosed in a pipe, have been lately erected 
in different parts of this country. The principle now adverted 
to was adopted in some machinery executed in France about 
1731 (see Belidor de Arch., Hydraul., Hb. iv., ch. i.), and was 
likewise adopted in Cornwall about forty years ago. But the 
pressure - engine of which we are about to give a particular 
description, is the invention of Mr. E. Trevithick, who probably 
was not aware that anything at all similar had been attempted 
before. This engine, a section of which, on a scale of a quarter 
of an inch to a foot, is shown in PI. xxiii., was erected about six 
years ago at the Druid copper mine, in the parish of lUogan, 
near Truro. A B represents a pipe 6 inches in diameter, through 
which water descends, from the head, to the place of its delivery, 
to run off by an adit at S, through a fall of 34 fathoms in 
the whole ; that is to say, in a close pipe down the slope of a 
hill 200 fathoms long, with 26 fathoms fall ; then perpendi- 
cularly 6 fSettlioms, till it arrives at B, and thence through the 
engine from B to S 2 fathoms. At the turn B the water enters 
into a chamber C, the lower part of which terminates in two 
brass cylinders 4 inches in diameter, in which two plugs or 
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the air, carrying the liandkerchief up with it, to the great fun 
of the boys ; only sometimes, when the engineman could sur- 
prise them, they had the rope's end."^ 

Rees' * Cyclopaedia ' thus speaks of Trevi thick's Wheal 
Druid pressure-engine, at the foot of Cam Brea Hill, 
close to his home of boyhood, and now known as Cam 
Brea Mine : — 

" A very complete pressure-engine was erected by Mr. Trevi- 
thick at the Druid copper mine in lUogan, near Truro, in 
Cornwall ; it acted with a double power, that is, the piston 
pressure was first applied to one side of the piston to force it 
up, and then on the other to force it down, in the same manner 
as a double-acting steam-engine. It acted by two slide-valves 
instead of one, but they were so made that one opened rather 
before the other shut, and this, though it wasted a small quantity 
of water by permitting it to escape, prevented the concussion of 
stopping the column of water, which indeed is always in motion." 

"Mr. James Banfield^ in 1818 was employed in Wheal 
Clowance Mine ; the pumps were worked by Captain Trevithick's 
water-pressure engine. It had a pole about twelve inches in 
diameter, working in a pole-case ; two side rods went down 
from the cross-head on the top of the pole, to a cross-head under 
the pole-case ; to this bottom cross-head the pump-rods were 
joined ; the cross-heads worked in wooden guides ; there was a 
balance-bob from which a plug-rod worked the valves, which 
had gear-handles just like a steam-engine. The engine was 
fixed underground at the adit level ; the head of water came 
from Clowance Park. Several similar engines were then at 
work in the Cornish mines ; they used to be called Captain Dick's 
pressure-engines." 

The temporary forcer pump was a combination of 
pump-bucket and solid forcer piston. Before it had 
time to be practically established in general use, it was 



' Mr. Synions residal at Camlxirne in 1868. 
' Hesident in Penzance in 1809. 
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followed by the plunger-pole pump. Then came the 
pole pressure-engine, for giving motion to the plunger- 
pole pumps, followed by the Druid Mine double-acting 
pressure-engine, with solid piston, and water pressure 
acting both on its up and down stroke like the Watt 
steam-engine, but using water pressure and vacuum in 
lieu of steam and vacuum. 

The pressure-engine described by Eees was double- 
acting, having a piston in a cylinder ; that by Banfield 
was single-acting, with a pole, of which several were 
at work in Cornwall in 1815, and. were known as 
Captain Trevithick's pressure-pole engines. 

Gregory's * Mechanics,' published in 1806, gives a 
drawing and full particulars of Trevithick's Wheal 
Druid pressure-engine. 

** Pressure-engines for raising water by the pressure and 
descent of a column enclosed in a pipe, have been lately erected 
in different parts of this country. The principle now adverted 
to was adopted in some machinery executed in France about 
1731 (see Belidor de Arch., Hydraul., lib. iv., ch. i.), and was 
likewise adopted in Cornwall about forty years ago. But the 
pressure - engine of which we are about to give a particular 
description, is the invention of Mr. R. Trevithick, who probably 
was not aware that anything at all similar had been attempted 
before. This engine, a section of which, on a scale of a quarter 
of an inch to a foot, is shown in PI. xxiii., was erected about six 
years ago at the Druid copper mine, in the parish of lUogan, 
near Truro. A B represents a pipe 6 inches in diameter, through 
which water descends, from the head, to the place of its delivery, 
to run off by an adit at S, through a fall of 84 fathoms in 
the whole ; that is to say, in a close pipe down the slope of a 
hill 200 fathoms long, with 26 fathoms fall ; then perpendi- 
cularly 6 fathoms, till it arrives at B, and thence through the 
engine from B to S 2 fathoms. At the turn B the water enters 
into a chamber C, the lower part of which terminates in two 
brass cylinders 4 inches in diameter, in which two plugs or 



76 PLUNGER-POLE PUMP AND WATER-PRESSUBE ENGINE. 

or lead, D and E, are capable of moving up and down by 
through a close packing above, 
and are attached to the ex- 
tremities of a chain leading 
over, and properly attached 
to the wheel Q, so that it 
cannot slip. The leaden 
pieces D and E are cast in 
their places, and have no 
packing whatever. They 
move very easily, and if at 
any time they should be- 
come loose, they may be 
spread out by a few blows 
with a proper instrument, 
without taking them out of 
tlieir places. On the sides 
of the two bniss cylinders, 
in which T> and E move, 
tliere are square holes, com- 
municating towards F and 
G, whicli is a horizontal 
trunk or square pipe, 4 
inches wide and 3 inches deep. All the other pipes, G, G, 
and B, are 6 inches in diameter, except the principal cylinder, 
wherein the piston H moves ; and this cylinder is 10 inches 
in diameter, and admits a 9-feet stroke, though it is here deli- 
neated as if the stroke were only 3 feet. The piston-rod works 
through a stufBng box above, and is attached to 31 \, which h 
the pit-rod, or a perpendicular piece divitied into two, so as 
to allow its alternate motion up and down, and leave a space 
between, without touching the fixed apparatus or great cylinder. 
The pit-rod is prolonged down into the mine, where it is 
employed to work the pumpe, or if the engine were applied to 
mill-work, or any other use, this rod would form the com- 
munication of the first mover, EL is a tumbler, or tumbling 
bob, capable of being moved on tlie gudgeons V from its present 
position to another, in which the weight L shall Lang over with 
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the same inclination on the opposite side of the perpendicular, 
and consequently the end K will then be. as much elevated as 
it is now depressed. The pipe R S has its lower end immersed 
in a cistern, by which means it delivers its water, without the 
possibility of the external air introducing itself, so that it con- 
stitutes a Torricellian column, or water barometer, and renders 
the whole column from A to S effectual, as we shall see in our 
Tiew of the operation. 

" Let us suppose the lower bar K V of the tumbler to be hori- 
zontal, and the rod P O so situated as that the plugs or leaden 
pistons D and E shall lie opposite to each other, and stop the 
water-ways G and F ; in this state of the engine, though each 
of these pistons is pressed by a force equivalent to more than 
1000 lbs., they will remain motionless, because these actions 
being contrary to each other, they are constantly in equilibrio. 
The great piston H being here shown as at the bottom of its 
cylinder, the tumbler is to be thrown by hand into the position 
here delineated. 

" Its action upon P, and consequently upon the wheel Q, 
draws up the plug D, and depresses E, so that the water-way G 
becomes open from A B, and that of F to the pipe R ; the water 
consequently descends from A to C, thence to G G G, until it 
acts beneath the piston H. This pressure raises the piston, and 
if there be any water above the piston, it causes it to rise, and 
pass through F into R. During the rise of the piston (which 
carries the pit-rod M N along with it), a sliding block of wood I, 
fixed to this rod, is brought into contact with the tail K of the 
tumbler, and raises it to the horizontal position, beyond which 
it orersets by the acquired motion of the weight L. The mere 
rise of the piston, if there were no additional motion in the 
tumbler, would only bring the two plugs D and E to the position 
of rest, namely, to close G and F, and then the engine would 
stop ; but the fall of the tumbler carries the plug D downwards, 
quite clear of the hole F, and the other plug E upwards, quite 
clear of the hole G. These motions require no consumption of 
power, because the plugs are in equilibrio, as was just observed. 
In this new situation the column A B no longer communicates 
with G, but acts through F upon the upper part of the piston 
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H, and depresses it ; while the contents of the great cylinder 
beneath that piston are driven out through GGG, and pass 
through the opening at E into B. 

** It may be observed that the column which acts against the 
piston is assisted by the pressure of the atmosphere, rendered 
active by the column of water hanging in R, to which that 
assisting pressure is equivalent, as has already been noticed. 
When the piston has descended through a certain length, the 
slide or block at T, upon the pit-rod, applies against the tail K 
of the tumbler, which it depresses and again oversets ; producing 
once more the position of the plugs D E, here delineated, and 
the consequent ascent of the great piston H, as before described. 
The ascent produces its former effect on the tumbler and plugs ; 
and in this manner it is evident that the alternations will go on 
without limit, or until the manager shall think fit to place the 
tumbler and plugs DE in the position of rest, namely, so as to 
stop the passages F <and G. 

** The length of the stroke may be varied by altering the 
position of the pieces T and I, which will shorten the stroke the 
nearer they are together, as in that case they will sooner alter- 
nate upon the tail K. 

" As the sudden stoppage of the descent of the column A B 
at the instant when the two plugs were both in the water-way 
might jar and shake the apparatus, these plugs are made half 
an inch shorter than the depth of the side holes, so that in that 
case the water can escape directly through both the small cylin- 
ders to R. This ogives a moment of time for the generation of 
the contrary motion in the piston and the water in G G G, and 
greatly deadens the concussion which might else be produced. 

'' Some former attempts to make pressure-engines upon the 
principle of the steam-engine have failed, because the water, not 
being elastic, could not be made to carry the piston onwards a 
little, so as completely to shut one set of valves and open another. 

'' In the present judicious construction the tumbler performs 
the office of the expansive force of steam at the end of the stroke." 

The head of water at Wheal Druid had a fall of 
204 feet. The design of the valve-box alone showed 
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genius suflScient to place a man above his fellows. 
Two cylinders of brass, easily fitted up, two leaden 
piston-valves, cast in their places, without any fittings, 
which in case of wear could be hammered out to the 
necessary size without taking them from- their places. 
These two valves were moved by a piece of flat chain 
passing over a pulley, attached to a wooden lever, with 
a balance-weight judiciously placed, called a tumbling 
bob. 

The operation of these simple valves was that each 
of them bearing a pressure of more than 1000 lbs., 
worked as balance-valves with little weight or friction, 
or wear and tear, and enabled the engine to change its 
direction of stroke without jar, and without materially 
stopping the downward flow of water in the supply- 
pipe. The plugs, since called by modern inventors 
cylindrical slide-valves, being made half an inch shorter 
than the water passages in the brass cylinder, or valve- 
case, turned the water pressure from the main cylinder 
into the waste-pipe during the moment of time occupied 
in changing the direction of the stroke. This one little 
point in the engine was thus valued by Gregory: — 
'* Some former attempts to make pressure-engines upon 
the principle of the steam-engine have failed, because 
the water, not being elastic, could not be made to 
carry the piston onwards a little, so as completely to 
shut one set of valves and open another. In the 
present judicious construction the tumbler performs 
the office of the expansive force of steam at the end 
of the stroke." The bottom end of the waste-water 
pipe emptied into a cistern 12 feet below the engine, 
to prevent air from going up the pipe. The weight of 
water, therefore, in this pipe gave a vacuum in the 
working cylinder of several pounds to the inch. This 
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apparently small engine was of great power, the pres- 
sure being about 100 lbs. to the inch on the piston, 
giving a force of three or four tons, thrown rapidly up 
and down the long stroke of 9 feet. 

Trevithick was for several years the engineer and 
part proprietor in Trenethick Wood Mine, and intro- 
duced his improved plunger-pole pumps, worked by 
his piston water-pressure engine. The cylinder was 
17 inches in diameter, with a stroke of 9 feet, double- 
acting, worked by a four-way cock, made of brass, in a 
brass shell. An air-vessel was suggested to remove the 
shock of the change of movement in the column of 
water. The head of water was 78 feet, giving a power 
of nearly four tons. 

The drawing of this engine, still in the possession 
of the Honourable Mrs. Gilbert, of Trelissick, was 
made by Trevithick, and given to his friend Davies 
Gilbert (then Giddy), who wrote the following par- 
ticulars on it : — 

"Drawing of the pressure-engine, erected on the mine in 
Trenethick Wood, near Helston, 1799. Given me by the 
engineer, Mr. Richard Trevithick. The fall of water is 13 
fathoms ; the engine works double ; a 9-feet stroke. The parts 
are, — a tube communicating with the head of water; the 
cylinder or working piece ; a tube communicating at the bottom 
with the cylinder; and a tube acting as a siphon, and thus 
adding the length of the cylinder to the head of water. When 
the cock is turned, as here represented, the water from the 
tube presses on the piston in the cylinder. The water under 
the piston is forced up the tube, and flows down the siphon. 
When the cock is turned a quarter round, the water from the 
tube is pressed down the tube ; from thence acts against the 
under surface of the piston in the cyhnder. The water above 
the piston escapes into the siphon. 

" N,B. — An air-vessel may be adapted to the tube, and thus 



PLUNGER-POLE PUMP AND WATEB-PRESSUBE ENGINE. 81 

the flow of water reodered almost uniform, notwithstanding the 
checks of the engine. The apertures through the cock and 
nozzles are made one quarter of 
the cylinder." 

The balance - valves are 
here replaced by the four- 
way cock. The simplicity of 
form and paits leads one to 
pass by this machine as 
merely a few pipes bolted 
together ; but its great power 
and economy in working led 
to its use in other than 
Cornish mines. 

" At a meeting of the Hiil-Carr 
Sough proprietors, held June 
25ih, 1801, it having heen re- 
presented to the meeting that 
pressure-engines of the descrip- 
tion proposed to be erected near 
Yonlgreare, are now in use in 
Cornwall, where they give great 
satislaction, and Mr. Uichard 
Trevi thick, the engineer who 
erects them, having made an olTer 
to come to view the mines paying 
composition to this iSough, on 
condition of the expenses of liis 
jonroey being paid; and that in 
case of not contracting for the 
erection of the engine, he would 
famish us with drawings and 
every information gratis. 

-March 2tith, 1802. — At ii 
meeting this day, tho adjourned 
question respecting tlie propriety 
of erecting an engine to lift the 

VOL. I. 




82 PLUNGER-POLE PUMP AND WATER-PRESSURE ENGINE. 

water below the level of this Sough was further considered ; 
Mr. Richard Trevithick having given in a drawing and an 
estimate of an engine for a lift of 8 fathoms. 

"The undersigned proprietors agree to accept the above 
proposals on condition that the whole of the expenses shall not 
exceed 1800Z. 

" In the reckonings for the quarter ending 27th March, 1802, 
the Hill-Carr Sough and the Shining Sough partners each pay 
15Z., as half of the expenses of Mr. Trevithick in making a plan 
for an engine, and for coming over out of Cornwall with it; 
together 30Z. 

"At a meeting held March 31st, 1803, Mr. Kichard Trevi- 
thick having appeared, and produced estimates of the pressure- 
engine, and also of a wheel calculated to lift the whole of the 
water in the Black Shale Pit and Gay Vein Gates to the depth 
of 8 fathoms, from which it appeared that the expense of the 
pressure-engine was loss, and also came recommended by Mr. 
Trevithick iu preference to the wheel ; it was unanimously 
ordered that the former should be adopted, aud the whole and 
entire management of it be entrusted to Mr. Trevithick, pur- 
suant to the conditions which he required." 

At a meeting, June 28th, 1804, allusion is made to 
the engine then being erected. 

Half a century had passed since these resolutions of 
the managers of the Derbyshire lead mines to entrust a 
Cornish engineer with their drainage, when the fol- 
lowing notice was attached to this memorable old water- 
pressure engine, — " November, 1851, Messrs. John 
Taylor and Sons advertise for sale the various engines 
and pumps in those old mines;" and in 1852 they 
were drawn up and sold, Trevithick's engine going to 
the scrap-pile after fifty working years. 

" ALroRT, lu'ar Bakewkll, 

" Dear Sir, " March SM, 1869. 

" I am glad to learn by your favour of the 4th that the 
particulars I sent of the pressure-engine will be of service^ and 
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that, with Rome help from Mr. Darlington, you will be enabled 
to make a drawing of it There is one thing I believe I have 
not named, it is that this engine has many times worked for 
fifteen or sixteen weeks together, without missing a stroke or 
being stopped for any purpose (a moment once or twice a day, 
I do not recollect which) but to oil the bearings. The water 
was very clear and did not wear the valves and gearings of the 
buckets very much. 

" Yours truly. 



*( 



F. Trevithick, Esq." « Samuel Bennetts. 



" MixERA, near Wrexham, 

" Dear Sir, " 1st March, i869. 

" The sketch you have sent me of Trevithick's engine is 
perfectly correct, and I can only answer the questions asked in 
your letter. 

**Tbe pump-work at the Alport mines were two 33-inch 
drawing lifts, connected above the cylinder to the piston-rod 
by a cross-head ; the bottom of the cylinder was at the adit level. 
The tumbling beam for working the boxes or valves was fixed 
about 12 feet above the revolving wheel, \vith a small rod 
connected to a short lever fixed to the axle of the revolving 
wheel The tumbling beam was worked by two tappets, screwed 
on the rod that was connected with a powerful balance-beam on 
the surface. This rod was also connected with the cross-head 
below, stayed, or worked through guides, as the ordinary Cornish 
pit-work. 

" The water for working this engine descended to the piston 
below, from the surface, through a 15-inch downfall column, 
about 150 feet in depth. The regulating valve to this engine 
was on the surface, and the water was turned on according to 
the necessary speed of engine. I hope you will see how to 
form your sketch of this engine from what is stated above. If 
there is any other question you wish to ask, I will endeavour to 
answer it. 

** Yours very truly, 

- F. Trevithick, EHq." ** 'ToHN DARLINGTON. 

o2 
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Mr. J. Glynn, in a report on water-pressure engines, 
says : — 

*^ The first water-pressure engine used in England was erec^ted 
by Mr. William Westgarth, at a lead mine belonging to Sir 
Walter Blacket, in the county of Northumberland, in tlie year 
1765. The piston was attached by a cliain to the arched head 
of the beam, working just like tlio atmospheric steam-engine. 
Hr. Smeaton suggested to Wes^arth the use of a stuffed collar, 
which he used with success. In 1770 Mr. Smeaton made a 
small water-pressure engine for supplying Lord Irwin*s resi- 
dence, closing the cylinder-top and using the piston-rod with a 
•tufled collar. 

" After Mr. Smeaton's time the water-pressure engine seems 
to have remained in abeyance, and I am not aware that any 
more of them were made until Mr. Trevithick revived their 
use, in constructing several water-pressure engines, one of which 
was erected in Derbyshire in the year 1803, and is still, I 
believe, at work (in 1848) at the Alport mines, near Bakewell, 
to which place it was removed from its original situation, not 
far distant" * 

Trevithick thus speaks of it, in a letter written at the 
commencement of 1804: — "It has been at work al)out 
three months, and never missed one stroke, except when 
they let a tub swim down the descending column." 

In a subsequent letter he complains of non-payment 
for his foreman's attendance and travelling expenses, 
and for the wages of the men he sent, adding, "If 
they found fault with the engine there would be some 
reason for not paying, but they say it is the best in 
the world." 

The cylinder was 25 inches in diameter, with a 
10-feet stroke, in which the water column gave a pres- 

* *Uei«>rt on WaUT-pressuit* En- the British Association fi»r the Ad- 
gines,* by Juwph Glynn, F.K.S., vanctment of SScieiicc, 1841). 
M. Inst. C. E., &c. i^ublislied l>y , 
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sure of 75 lbs. on the square inch ; and was fixed iinder- 
ground at the adit level, 48 feet above the bottom of the 
mine, giving motion to two large pumps, each 33inchea 
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in diameter, with a stroke of 10 feet, lifting water a 
height of 48 feet 

This pressure-engine was double-acting, or of equal 
power on the up as on the down stroke; the pumps 
gave their weight only on the up-stroke. A balance- 
bob placed at the surface equalized the powers; the 
descent of the weighted box assisting the up-stroke 
of the pump-rods. The valves were nearly the same 
as in the Druid pressure-engine. The water raised in 
the pumps was equal to the combined effect of the 
descent of the balance-weight together with the upward 
stroke of the pressure-engine. 

This early machine, working night and day for half 
a century in the bowels of the earth, exerted a power 
greater than the largo and overrated steam-engines of 
Watt. 

Trevithick's water-pressure engine had a force of 
about 16 tons; the Watt Dolcoath great engine, with 
its 63-inch cylinder and effective pressure of 10 lbs. 
on the inch,^ had a force of 14 tons, but this was only 
exerted on the down-stroke, the engine exerted no 
power during the up-stroke. The water-pressure engine 
to do the same kind of pumping-work gave out power 
from l)oth the up and the down stroke, a compound 
stroke giving a ix)wer of 32 tons. This simple, durable, 
and cheap water-pressure engine, with all its dis- 
advantages of position, was thus more than twice 
as powerful as the great Dolcoath steam-engine of 
Watt. 

The writer has introduced this lengthened account of 
the plunger-pole pit-work and the water-pressure engine 
to make good a seeming void in mechanical history. 

* Sec Ciiiculation in Stuart 'h * History uf the Stcam-Eiigino/ thap. iii., p. 27, 
siviii^ Hi Ibii. i-flV-ctivo pn-^suri'. 
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The former is still universally used, the latter has to 
some extent been put aside for the more easily applied 
steam-engine, though the writer in 1831, at the Hayle 
Foundry, made drawings for a 10-inch pole water- 
pressure engine, 7 feet 6 inches stroke ; the pole-case 
1 inch larger in diameter than the pole ; the head of 
water was 300 feet, giving a pressure of 150 lbs. on the 
inch ; the inlet and outlet valves were 4^ and 5^ inches 
in diameter, double-beat, worked by a plug-rod and 
cataract ; the general outline was a copy from Trevi- 
thick's work of thirty years before. 

A thorough knowledge of mechanical movements 
was one of Trevithick's greatest acquirements, and the 
correct application of the mechanical powers a matter 
of comparative ease in his hands. His Wheal Druid 
engine worked at a pressure of 100 lbs. on the square 
inch — ^a force but seldom used in our modern stationary 
engines. It must be considered that, not only was he 
single-handed in his daring inventions, but, at a time 
when wooden pipes were still much used in water-works, 
and iron pipes and machinery of very rude construction, 
he was compelled to turn manufacturer, oftentimes 
having to utilize the larger portion of an old machine 
in the construction of a new one. 

The following tradition of Mr. John Harvey, the 
father of Mrs. Trevithick, and founder of the Hayle 
Foundry Engine Works one hundred years ago, opens 
our eyes to the immensely greater difficulties in the 
path of the engineer in those days as compared with 
the present time. Trevithick, sen., is spoken of in a 
former chapter as having gone to Bristol and elsewhere 
for iron pipes in 1775 ; for the use of iron had not at 
that time wholly driven out the wooden pipes from the 
Cornish mine pit- work. 



88 PLUNGER-POLK PUMP AND WATER-PRESSURE ENGINE. 

" On a Sunday morning, in the year 1770, a rich friend of 
Mr. Harvey's came into his smiths' shop, at Camhell Green, 
having lost one of his silver shoe-buckles when taking a run 
with his beagles before church time, and said, ^How can I go 
to church with one buckle ? ' * Give me one of your old silver 
8^KX)n8, and lend me that buckle, and I'll soon set you up 
again,' stiid John Harvey. The rich man was pleased, and 
askoil what his friend would do if he had some of his money. 
' Why, g^^ down to Foundry, and make cast-iron pumps for 
Trt>vithiok*8 mines in place of the wooden ones.' 

** Another story says, that Mr. John Harvey went up the 
iH>untry to see how castings were made. Having been re- 
(Vistni admittance, he dressed in rude clothes, feigned to be 
half-witteil, idled about the doors of the foundries, singing 
Mmgs, and now and then ventured in ; offering to carry 
water, or errands, and so discovered how to make cast-iron 
pipes. * 

** Mrs. Edwardu, of IV^rran, in St. Hilary, when a girl, used 
to go with IJc'tMy Kd wards to Hallamanin Mine when she 
carried dinnnr U) her father and brother, about 1798. They 
worked in thn carpcjnt^'rH* shop, boring out the wood pumps, 
and we uned to carry home the borings for. lighting the fire. 
Captain Tn.'vithick wan the engineer. I recollect him very 
well ; he was a tall, thin man. It was about that time that the 
Brumagem company had to give in, and Captain Trevithick 
started the mine again." ^ 

This was one of the numerous mines in which the 
Watt low-pressure and Trevithick high-pressure fights 
were contested, on the first working of high-pressure 
steatn-engines. 

It is curious that this battle-ground was within a 
mile of the heap of stones forming the grave of the old 
granite boiler at Gwallon Mine, and but a little farther 
from Ludgvan-lez, where Newcomen had erected one 

» Banfieltrs tradition, related in 1869. 

3 RecHjUections of Mrs. Edwanls, living at IVrran in 1869. 
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of his earliest atmospheric engines, which in course of 
time was replaced by a Boulton and Watt — the old 
mine-heaps are now called Wheal Boulton — while just 
across the valley, at Hallamanin, worked a Trevithick 
high-pressure steam-engine. 
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CHAPTER VI. 

raOH-PRESSURE WHIM-ENGINE. 

Trevithick's account-book gives : — 

" 1798.— To Prince William Henry, for a boiler, 38/. 
" 1799. — To a boiler for new enj^ine at Rosewall, 211. 
"To the same, for Wheal Seal-hole little engine, 2H. 
« 1 800. — For carrying the little engine to Wheal Hope, 10«. 6d. 
" To Arthur Woolf going to London as engine fireman with 
Shelland engine, at 301. a year. 

" To received 350 guineas from Mr. Millett for a steam-whim." 

A short time ago the writer visited St. Agnes Head 
in search of evidences of times gone by. A miner,' in 
an almost idle mine, said, "This is Polberrow New 
Adventure ; that engine works in Seal-hole shaft, but 
old Seal-hole shaft, a few yards to the west, where 
Captain Dick Trevithick put his puifer-engine, has run 
together. Them pit-holes and shafts we do call old, 
men's workings for tin before steam-engines were 
made ; they do go down from 1 to 40 fathoms to the 
old adit in the cliff above the sea." 

The models of 1796 grew rapidly into the practical 
high-pressure steam-puffer engine of 1798, and became 
active rivals of the low-pressure steam vacuum engine. 

In 1800 a high-pressure portable steam-engine was 
carried in a cart to Wheal Hope, and one was sent to 
London in charge of Arthur Woolf, the well-known 
engineer. In the same year the first high-pressure 

* Capt. Robert Hancock. 
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steam-whim was made for Mr. MiUett, at a compara- 
tively small cost. 

This latter application of steam, to supersede the 
horse-whim in raising mineral from the shafts, was of 
great importance to the miner. An old account-book, 
in Cook's Kitchen Mine, has entries bearing on Trevi- 
thick's doings at that period. 

"1798, June 23rd, — A survey held for setting the sump, 
Roger's and Bramblam's whims, on Dunkin's lode, to draw by 
the hundred kibbals for one year ; and if the adventurers shall, 
during this time, think it proper to erect a steam whim or 
whims, to draw out of any shaft or shafts, then this contract to 
be void. Signed by nine working men, and one -{-> ^'^d by 
Captain Joseph Vivian for adventurers. 

'* 1799. — ^The above agreement renewed for another year. 

** 1803. May. — To Thomas Tyack for making smith's work 
for the steam- whim." ^ 

Trevithick then believed himself to be the originator 
of the steam-whim; but a memorandum, written by 
him in 1830, has the following note : — 

** I have since heard that Boulton and Watt had before erected 
a steam-whim at Wheal Maid, which did not go well, and soon 
ceased to work." 

William Pooly, working in Dolcoath, says : — 

**I worked in this mine, in 1816, a whim-engine, which they 
used to say was first put up in Wheal Maid, in Gwennap, by 
Boulton and Watt. I never heard what date it was; but 
people said it was the first steam-whim ; that she was sent from 
Gwenuap to Wales, and when Boulton and Watt were at the 
Herland mine with their engines, she was brought back from 
Wales and tried at Herland ; she was moved from Herland and 
tried at Dolcoath, about 1816, when I worked her ; she worked 
with the old Boulton and W^tt hearse-boiler. Several of Captain 
Trevithick's high-pressure whims were, before that, working 

* Extracts from book in Cook's Kitchen Mine in 1870. 
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dose by, some condensing and one or two puflfers. Captain 
Trevitliick's boiler was like a cast-iron cylinder, with the fire- 
door in one end, and the steam-cylinder in the other end ; two 
rods standing out from the cylinder end for guides, and a 
connecting rod going to the crank." ^ 

Mr. Hugh Hunter, the oldest workman in the mine, 

says: — 

"I have been the foreman carpenter in Cook's Kitchen 
for sixty years. I went to the mine in 1802 or 1803; 
Captain Trevithick's whims worked there then ; one was on 
Chapell's shaft, another on Bramblam's, and one called the 
Valley -puffer. Chapell's engine, or Bramblam's, had two 
cylinders, and a double crank ; the whim-cage was fixed high 
up, near the roof. The engines were fixed on to the boiler ; it 
was something like the present boilers in shape. The piston- 
rod cross-head worked in guide-rods fixed to the cylinder ; 
connecting rods went from the cross-heads to the cranks. 
Steam was turned off and on by a four-way cock. I recollect 
the engine, because the two cranks going one after the other 
was a new thing ; and I recollect the valley engine, because 
she yffos a puffer, and you could hear her for miles. I can't 
recollect the kind of the third engine. They used to be called 
Trevithick's first steam-whims." ' 

This is the first mention of a double-cylinder high- 
pressure steam-engine in Cornwall, and it used the 
blast -pipe. Similar engines were erected in Wales 
about the same time.^ 

" I am eighty years old, and still work in Dolcoath ; in 1815 
I worked the valley-puffer engine ; the cylinder was horizontal, 
and fixed in the end of the boiler; the piston-rod worked in 
guides, not much above the ground, with a connecting rod from 
the cross-head to the crank on the winding cage. She puffed the 
waste steam into the air ; the two other whims, close by in Cook's 
Kitchen, condensed ; they were at work long before I saw them."* 

' Narrate*! in 1869. I ' See Mr. Crawshay's statement, 

• Mr. Hugh Hunter liveii at Pool ; chap. ix. 
in 1869. I * Narrated by John Smith, 1869. 
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" James Hosking, working in 1869 one of Trevithick's first 
lot of steam-whims in Cook's Kitchen, knew the engine in 
1838 ; she is exactly the same now as then. I wouldn't wish to 
work a handier engine; you need not move from your seat, 
except to put coals in the boiler. Mr. Samuel Hocking, the 
engineer, looked in a day or two ago, and said he had known 
her for fifty years, and could see no difierence in her." 

" Captain Charles Thomas, the manager of Cook's Kitchen, 
Bays, the engine was erected by Trevithick in 1800 or 1801. 
It works extremely well with 25 lbs. of steam, and promises to 
do so for many years, and draws six kibbals per hour from the 
264 -fathom level. The gross weight, including the chain to 
the bottom of the shaft, is 70 cwt. ; the mineral in each kibbal 
about 6 or 7 cwt." 

These facts raise a question of much interest in meting 
out the just reward of praise to the improvers of the 
rotary steam-engine. 

Did Trevithick construct the first engine using a 
crank in Cornwall; and had he ever seen an engine 
with a crank before that of his own construction ? 

Watt's Wheal Maid failure, a low-pressure steam 
vacuum engine, erected about 1784, with sun-and-planet 
wheels, may be taken as the first rotary engine in Corn- 
wall. Trevithick was a boy, and neither saw it nor 
heard of it ; and moreover, it had not a crank, neither did 
the crank form a part of the steam-engine for some years 
after that date, and it certainly was not seen in Cornwall 
until Trevithick constructed his high-pressure steam 
models, working with a crank, in 1796. He had never 
been out of the county until about that time, when he 
went to London to give evidence in the Watt Patent 
lawsuits. He probably heard of the crank disputes 
between Watt and Wasbrough, but the crank could not 
then have been in extensive use as a part of a steam- 
engine, and may never have been seen by Trevithick. 
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One of these meoientoes of Trevithick'e practical 
genius in 1800, still worked at Cook's Kitchen Mine 
in 1869. 

The accompanying drawing represents the only one 
of those three Cook'8 Kitchen enginea still working. 
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The chief working engineer in the mine for thirty-two 
years has now replaced parts worn out, by new pieces 
of precisely the form of the original. 

The boiler is of wrought iron, cylindrical, with in- 
ternal tube and fire-place ; the plates have been renewed 
more than once. Steam is worked at 25 lbs. to the 
inch above the atmosphere. All the regulating or 
gear levers are within reach of the engineman without 
his moving from his seat. It has a Boulton and Watt 
air-pump and condenser. The parallel motion differs 
from Watt's patent, and is known as the spider parallel 
motion. A four-way cock is the only valve used, except 
the steam shut-off cock from the. boiler, and the injec- 
tion and feed cocks. Its present work is to lift three 
tons and a half, including the kibbal and chain, when 
starting from a depth of 1584 feet. 

The adjoining mines of Dolcoath and Stray Park 
made similar use of Trevithick's high-pressure steam 
whim-engines, erected about the same time, and each of 
them on a different plan, two or three of which remained 
at work forty or fifty years. 

** Mr. John Vivian, of St. Ives Consols Mine, when a little 
boy, in 1801 or 1802, carried the pay-money to his uncle, 
Captain Andrew Vivian, for men working Trevithick's new 
high-pressure whim-engine in Stray Park Mine. Crowds of 
people came to see it." 

"Henry Vivian worked the first Trevithick high-pressure 
pufifer whim-engine in Stray Park Mine. It worked with a 
four-way cock, and puffed the waste steam into the air ; it was 
a wonder at that time." 

"Captain Joseph Vivian, of lleskadinnick, near Camborne, 
about 1800 or 1801 saw Trevithicks first puffer whim- 
engine in Stray Park Mine. The cylinder was in the boiler, 
and the piston-rod worked horizontally. Trevithick put up 
another whim-engine in the same mine, working with high- 
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lircHiMiirci HitMui, and with the Boulton and Watt air-psap: h 
ImmI li mnxUm Inmrn. As a boy, he watched the engine vith 
thti Uoiiui, and ihn oiio without a beam, to understand whj they 
wtii'ti diflnront. In a year or two several were erected. People 
who wuro lor IlouIUm and Watt were against Trefithick. A 
llnuhou and Watt whim was, a year or two after, pnt up in 
Oolroatli to htMit 1^r(«vitlurk*i!i pufler-whim. The report was in 
fttvour oC lioultoii and Wait. I worked in Dolcoath at that 
thuo, Kvt^ryluHly mud tlio nfi^outs wore told beforehand which 
way tho trial laight to go. Captain Glanville put up the 
Uoultou and Watt Unv-prosauro whim. Captain Trevithick's 
high-phv«MuiH^ pnlVt^r had a horixont^il cylinder fixed in the boiler, 
Hud tho lltt^am pntVinl up tho ehimnoy." 

** llwuvy riavk» ivt* Utnlruth, was a boy in Dolcoath smiths' 
ikhv^p iu tho valU\\\ in I7l»tt or 18i.H>, just after she went to work 
Hg^i\^ tV^pluiu IVvithiok was the head engineer; but the 
^vhs^UUX*^^ ^luml^^xl Uh'AUa> ho did not give all his time to 
\\\\^ UMUw l^i'HNVUV^ i^uo down fi\>m London for the new 
Ui^^^ J*^^"^^^*^ pntVoi^>Uum f\u* tho valley; Henry Vivian put 
M up; tut )V4\^miu Ultunille, the mine carpenter, was made 
h^>ad n^an o\or tho engines, because Capt^n Trevithick was 
aNNav m* muolu Tl^o mine managers tried the new Tallej^mffer 
oi^ainitt a lU>ulton and Watt engine. Wlum Captain Tr^Tithick 
\\t^\v\\ it, bo sent a letter that ho would bet Glanville fifty 
iHanuls that his puffer should boat lk)ulton and Watt. Trevi- 
thiok came down from London, and tri(Ml tho puffer, and said 
to his brother-in-law ((yaptain lltuiry Vivian), * Why, how have 
you got the piston half an inch smalh^r than the cylinder?* A 
new brass piston was put in, and sho boat Uoulton and W^att all 
to nothing. I was landing tho kii)l)alH for the puffer, becanse 
we tried Captain Trevithick's now kibbal and pincers made in 
our shop ; we unloaded the kibbals, and sent them down again, 
almost without stopping the engine. Tho adventurers fixed 
upon a trial for three or four days ; coals were weighed to each 
engine, and persons appointed to take account of the kibbals 
raised and coals burnt Captain Trevithick's engine did the 
best ; and, after the trial, a little pit was found with coal buried 
in it, that Glanville meant to use in the Boulton and Watt 



HIGH-PRESSURE WHIM-ENGINE. 97 

engine. Trevithick's puflTer had a cast-iron cylindrical boiler, 
about 6 feet in diameter, and 10 or 12 feet long, with cast- 
iron ends ; a wrought-iron tube passed through the boiler, with 
a fire-place in one end of it, and a wrought-iron chimney at the 
other. The cylinder was let into the boiler, and the steam 
pufied off by the side. The trial was about 1804 or 1805, when 
several of Trevithick's whims, some of which condensed, were 
working in the adjoining mines." 

"James Bichards, of Camborne, landed kibbals in 1832, with 
Trevithick's old whim-engine now in Camborne Vean Mine, but 
then in Stray Park ; she is unaltered, except that the four-way 
cock is removed to make room for lifting valves. Henry 
Vivian was the first man to work her ; she used to be called the 
first steam-whim in Cornwall." 

" William Eustace, for twenty years foreman smith in Cam- 
borne Vean Mine (1869), knew the old Trevithick whim when 
John West, the engineer, put in valves in place of Trevithick's 
four-way cock. The cock-pipe was stopped up with lead, and 
remained on the cylinder for many years, to make sure that 
the new valves were an improvement, before removing the cock : 
has often heard the old men talk of this beam condensing engine, 
and the machine whim with the fly-wheel up in the roof, with 
the piston-rod working in guides, and no beam, as the two first 
steam-whims ever put up. They then worked in Stray Park 
Mine." 

** Captain Nicholas Vivian, late of Camborne, was in 1809 
appointed manager to re-work Wheal Abraham Mine, which 
bad been idle for some years. 

" The old miners spoke of Captain Trevithick's puffer-engine 
with the cylinder in the boiler, which had worked in the mine 
just before she stopped. 

** Trevithick demanded payment, which the adventurers re- 
fused until a longer trial of the engine, or because the mine was 
going to stop ; he therefore took some men into the mine at 
nightfall, and by the morning the engine had disappeared. 

** Captain N. Vivian's first act as manager was to purchase 
for the mine a second-hand Trevithick high-pressure steam 
puffer-whim." 

VOL. I. II 
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** The late Captain Samuel Grose said : — * In 1805 I saw at 
the Weith Mine a portiible engine made by Captain Trevithick, 
called a puffer ; the cylinder was fixed in the boiler, the steam 
pressure was 30 lbs. on the square inch above the atmosphere. 
A wood shed sheltered the engine. Their cheapness made them 
to be much used.' " 

In these four or five years we have accounts of four 
or five distinct kinds of steam-whims — high-pressure 
condensing engines, with and without beam, having 
either one or two cylinders, w^orking vertically or hori- 
zontally, either as high-pressure puffers or as con- 
densers. 

Those various forms were to meet special require- 
ments. Thus an established engine-house with conve- 
nient condensing water, had a fixed condensing engine ; 
a temporary shaft had a portable puffer-engine. 

Trevithick's aim in all his inventions was to utilize 
as much as possible the power of steam ; so that not 
only was the steam-engine made to assume various new 
forms, but many ap})]iances connected with it received 
his careful attention, and still bear witness to his in- 
ventive genius. 

Up to about 1800, mineral had been liaised by horse- 
whims from the Cornish mines in buckets, barrels, or 
kibbals, made of wood, and bound with iron. The 
watchful care of the driver helped to lessen the break- 
age, or wear and tear, from the kibbals rubbing on 
the rough sides of the underlie shafts. The greater 
speed and power of the steam-whims increased the 
breakage, and led Trevithick to introduce the use 
of wrought-iron kibbals, shaped like an egg, with 
fiattened top and bottom. These improved kibbals 
worked with less friction and wear and tear than the 
wood kibbal. The method of emptying it was also 
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much improved. The old bucket was turned over by 
manual labour, and the mineral shovelled into the 
barrow or tram-waggon ; the new plan caused the 
saving of this labour, by discharging the mineral into 
the waggon. 

"Henry Clarke was striker in the Valley smiths' shop in 
Dolcoath Mine in 1799 or 1800, and helped to make the first 
pincers and work for landing Captain Trevithick's new plan 
of iron kibbals, just then coming into use. William Branch, of 
Gwinear, was the smith. 

** Captain Trevithiek was standing by, telling Branch the 
shape to make them. The first pincers had a spring to throw 
them open ; after a few trials the spring was taken out, not 
being necessary. The pincers was exactly the same shape as 
those now used (1869), and so are the iron kibbals, only they 
may be a bit bigger." 

" Captain Joseph Vivian recollects Budge s spiral barrel, put 
aside by Captain Trevithiek in his first steam-whims, because 
the power of his engine did not require them. 

" The weight of the whim-chain, reaching to the bottom of the 
shaft, was too much for the horses, or the horse-whim, to lift. 
Budge's spiral was like a watch-barrel. A stone at the end of 
the chain from the spiral rose or fell in a shaft ; this equalized 
the work for the horses according as the chain and kibbal was 
near the bottom or the top of the shaft." 

"Mr. Tippet^ helped to erect Captain Trevithick's pufier 
winding engine in Tin Croft Mine. The new iron kibbals were 
two or three times as large as the old ones for the horse-whim. 
The poppet-heads were raised, that the kibbal might go higher. 
The landing man said, * I wonder who is going to land them 
big kibbals; I sha'nt land them.' Captain Trevithiek said, 
* Can't you wait a bit?' When it was all complete the kibbal 
didn't want any landing. It turned upside down, and the stuff 
went into the waggon without any landing or shovelling. The 
engine worked with very high-pressure steam. Saunders, who 

* Mr. Tijipet had been employed in Cornish mines, and was known to the 
writer in 1840. 

H 2 
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was Captain Dick's head boiler-maker, brought a little plunger- 
pole pump for the feed-water ; it worked by an eccentric on the 
fly-wheel shaft." 

The new plan was to carry the loaded kibbal a certain 
distance above the waggon ; a chain from one side and 
pincers were attached to a hook in the kibbal bottom; 
the loaded kibbal was then lowered the required dis- 
tance ; the fixed chain drawing the kibbal ofif the line 
of the shaft and over the waggon, and at the same 
time hanging it bottom upwards, turned its contents 
into tlie waggon : a pull on a catch freed the pincers, 
and the kibbal dropped over the line of the shaft ready 
for descending. This method, introduced in 1800, is 
still in use, though square boxes of iron on wheels, 
sliding in guide-rods in the shaft, are now preferred. 
The eccentric working the feed-pole is the earliest 
record the writer has met with of its use. 

The foregoing, especially if taken in conjunction with 
the various applications of Trevithick's high-pressure 
steam-engines in Wales and elsewhere, fully establish 
their rapid extension during the first five or six years 
of the present century : two of them remaining fit for 
use, after nearly seventy years, proves the original skill 
of their designer and constructor. 

The best test of the relative value of the low-pressure 
steam vacuum, and high-pressure steam whim engines 
by the rival engineers, is in a comparison of their 
performance and durability.* 

Boulton, writing to Watt, describes one used tempo- 
rarily for such a purpose at the Consolidated Mines, 
in 1784: — "There was a full attendance: Jethro 



* Sfc Trevithick's K'tter, 5th .Tanuary, 1804, chap. xx. 

r»th .luly, 1804, chap. xx. 
„ l!inl January, 1803, chap. xx. 
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looked impudent, but mortified, to see the new little 
engine drawing kibbals from the two pits exceedingly 
well, and very manageable ; and afterwards it worked 
six steam-stamps, each 2i = 14 cwt. lifted twice at each 
revolution, or four times for every stroke of the engine. 
I suppose there were a thousand people present to see 
the engine work." ^ 

This happened at Wheal Maid, in Grwennap, when 
Trevithick was thirteen years old. 

Jethro was one of the Hornblowers, clever, prac- 
tical engineers in Cornwall, before Watt brought his 
engine there, and strongly opposed to the new comer 
and his plans. 

Trevithick's whim in Cook's Kitchen, of about 1800, 
was still at work in 1870, and lifting 70 cwt. The 
power of the Watt whim is not mentioned ; but when 
used as a stamping engine it gave motion to but six 
stamp-heads, each 2^ cwt. 

Such a contrivance as Watt's could not continue to 
work long in a Cornish whim-engine, requiring most 
exact control, and frequent sudden stoppage and re- 
versing, for which the sun -and -planet tooth-wheels 
were not suitable. Its failing to work well, and banish- 
ment to Wales during Trevithick's boyhood, accounts 
for his never having heard of it until forty or fifty 
years after the date of its erection, though he competed 
with it in Dolcoath in 1806, without knowing its travels 
or history under its improved face with a crank instead 
of ite original sun -and -planet wheels, shortly after 
which it finally disappeared.^ 

A steam-engine with a crank had never been seen 
in Cornwall when he made his first locomotive models 



' Letter frum IkmlUm, 1784. Sinilts* * Livts of BouUc.n and Watt/ p 331. 
• See Trevithick's letter, 18th February, IWXi, chap. xx. 
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and recommended the use of a steam-whim with a 
crank. 

Such was Trevithick's share in making steam useful 
for raising mineral from mines, and in adapting the 
kibbals and detail apparatus, suitable for the increased 
power and speed of the high-pressure steam-engine. 
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CHAPTEE VII. 

CAMBORNE COMMON ROAD LOCOMOTIVE. 

Toe late Mrs. Trevithick frequently spoke of models of 
her husband's early engines, the first of which worked 
at her house in Camborne, about the year 1796 or 1797. 
It was made by Mr. William West, and was to have 
been shown in the lawsuits between Boulton and Watt 
and the Cornish engineers. 

Lord and Lady Dedunstanville, the large landed 
proprietors in the mining district — embracing Dolcoath, 
Cook's Kitchen, Stray Park, and many more of the 
early Cornish mines — and Mr. Davies Gilbert, a friend 
of Trevithick's, came to her house to see the model work. 

A boiler, something like a strong iron kettle, was 
placed on the fire ; Davies Gilbert was stoker, and 
blew the bellows; Lady Dedunstanville was engine- 
man, and turned the cock for the admission of steam to 
the first high-pressure steam-engine. The model was 
made of bright brass. 

Shortly afterwards another model was made, which 
ran round the table, or the room. The boiler and the 
engine of this second model were in one piece ; hot 
water was poured into the boiler, and a red-hot iron 
put into an interior tube, just like the hot iron in tea- 
urns. 

In a third model the boiler was heated by a spirit- 
lamp. This one was taken to London by a gentleman 
wlio came down for the purpose of seeing it work. 
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A model of Trevithick's, now in the Kensington Mu- 
seum, spoken of by Mr. Radford* as having come from 
the engine-works of Messrs. Whitehead and Co., Soho 
Iron Works, Manchester, is probably one of those spoken 
of by Mrs. Trevithick as having been made prior to 
1800. It is a perfect specimen of a high-pressure steam- 
engine, with cylindrical boiler, adapted to locomotive 
purposes. It served as a guide to Messrs. Whitehead and 
Co., who manufactured engines for Trevithick in 1804. 

The drawing (Plate III.) and description of this 
working model shadow forth the usefulness of the high- 
pressure steam-engine of the present day in many of 
its leading features; the non-necessity for condensing 
water, the cylindrical boiler, the simplest form of crank, 
the absence of mason-work for the engine or boiler- 
flues, and its portability and power of locomotion, so 
nearly met all the requirements, as to entitle it to the 
designation, " the first high-pressure locomotive." P is 
the iron-heater (used in the model to avoid smoke) ; 
5, the safety-valve, kept down by a simple spring ; 
tj screw-plug for supplying water; 6, steam-cyHnder 
let into boiler, with shell for the four-way cock, and 
pipe for conveying steam to the top and bottom of 
cylinder cast with it; c>, a four-way steam-cock, worked 
by a rod from the cross-head ; c, the cross-head ; /, the 
two side rods; 9, the crank-pins attached to the two 
driving wheels ; i, the steering wheel, fixed by a screw 
for running in curved or straight lines ; ^, piston-rod ; 
rf, guides for the piston-rod cross-head ; A, two driving 
wheels ; y, two legs, by screwing out the lower part of 
which the driving wheels are lifted off the ground, 
making a stationary engine; kj fly-wheel; m, pinion 

* lA'ttcT from Mr. Jt.«t>t'j>h nailft»rtl, in 1H5<\ states tliat it hail been in bis 
family »*iiico IHIO. 
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and gear wheel, connecting the fly-wheel with the 
driving wheel ; n, plug-rod attached to cross-head for 
moving the four-way cock ; r, stay for the guide-Vods ; 
M, driving axle; v, waste-steam pipe ; a, the cylindrical 
boiler, made of copper ; b, the boiler-tube. 

Trevithick, after two years spent in numerous work- 
ing experiments, under very trying circumstances — 
from the want of sufficient money, from the greatly de- 
pressed state of the mining interests in Cornwall, and 
from the disputes and lawsuits which had led mine 
adventurers and mine engineers to mistrust one another 
— had satisfied himself that a steam-engine would work 
without an air-pump or condensing water ; that neither 
beam nor parallel motion, nor foundations of masonry, 
were absolutely necessary ; and that the boiler, for con- 
veniently supplying high-pressure steam, need not be 
one quarter of the weight, or cost, of the low-pressure 
boilers then in use, for producing an equal amount 
of power. He had conveyed an engine from mine 
to mine in a common cart, at a cost of 10s. Gc?., and 
even this expense might have been saved by placing 
the engine on wheels, and driving them around by the 
force of the steam. The first commercial application of 
high-pressure steam was in the portable steam-whims, 
and then in the steam-carriage. 

An old account-book of Trevithick's, dated 1800, 
gives the detail items in the manufacture of the first 
steam-carriage. William West for two or three years 
received pay for constructing models. Other mechanics 
worked in different mines repairing or improving 
boilers working the new high-pressure engines ; and 
when they could be spared from the mines, were em- 
ployed on the new steam-carriage, then being put 
together in a smiths' shop in Camborne, having 
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in it one small hand -lathe, and one or two smiths' 
fires. 

• £ 8. d. 

** Nov. 1800. — To Richard Jeffry, about the fire-carriage, 

to end of November 10 14 G 

To boiler - plates for steam - carriage, 

4cwt. l<ir. at3H8 7 16 6 

To send William West to the Dale for 

plates. 
To James Oats, alnrnt little boiler. 
To James Saunders, about little engine.. 3 13 i\ 
1801. — To Sam. Hambly, for steam- carriage .. 1 U H 
To Francis May, for sundries, do. .. 4 5 

To little Hocking, di)., do. .. 3 

To Arthur Woolf, for steam-gaugo and 

barometer from the Dale 4 7 

To Sam. Rowe and W^m. Branch, assisting 

Wm. Jefifry and Sam. Hambly alx»ut 

the carriage. 

To Wm. West 35 10 7 

To Lemon, shoemaker, for a l)ellows for 

carriage 17 

John Hocking, for bmss work .. .. 1 H 7 

Files, drink, and oil 7 <> 

Coals from my house 15 *' 

In 1801 William West was "at Hayle, about the 
little boiler," ''altering it with wrought-iron plates;" 
and in the same year " Richard Trevithick was in 
London about tlie patent, and in Merthyr Tvdfil and 
Coalbrookdale." The accounts do not enable us to 
trace the time occupied in building the first steam-car- 
riage, or the necessary alterations during its construction. 
It was in progress in 1800; and on Christmas-eve, 
1801 , conveyed the first load of passengers ever moved 
by the force of steam. 

The start was from Tyack's smiths' sliop, where the 
smaller parts had been made.* East and west ran the 
great main coach-road to London, on which tlie Cornish 
coach, at that time a van or coveral waggon, convoyed 
the few who travelled on wheels. Northwards, towards 

' The granit*' remains of the traditional granite stwim-boiler at the 
Weith was within a short <listi4nce of Tyack s smiths* sh(»p. 
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the great house of Lord Dedunstanville, at Tehidy, the 
road was more hilly. The south road was a rude 
country lane, in the worst possible order, with a sharp 
curve at the commencement, and steeper gradients than 
either of the other roads. 

As an indication of the greater difficulty of con- 
structing an engine at that time in Cornwall, thirty 
years later, when the writer worked in Harvey's engine- 
factory at Hayle, in the building in which William 
West had constructed parts of the Camborne locomotive, 
there were but a few small hand-lathes fixed on wooden 
benches, a few drilling machines, and but one chuck- 
lathe. Arthur Woolf was the engineer, and the writer 
his pupil, and served under the shop foreman, Jeffry, 
whose father had worked on the Camborne locomotive, 
and on the Jefirie and Gribble engine at Dolcoath. 

The following statement was given by old Stephen 
Williams:^ — 

** I knew Captain Dick Trevithick very well ; he and I were 
bom in the same year. I was a cooper by trade, and when 
Captain Dick was making his first steam-carriage I used to go 
every day into John Tyack's blacksmiths' shop at the Weith, 
close by here, where they put her together. 

"The castings were made down at Hayle, in Mr. Harvey's 
foundry. There was a deal of trouble in getting all the things 
to fit together. Most of the smiths' work was made in Tyack's 
shop. 

** In the year 1801, upon Christmas-eve, coming on eveniug, 
Captain Dick got up steam, out in the high-road, just outside 
the shop at the Weith. When we see'd that Captain Dick was 
agoing to turn on steam, we jumped up as many as could ; may 
be seven or eight of us. 'Twas a stiffish hill going from the 
Weith up to Camborne Beacon, but slie went ofiF like a little 
bird. 



Hcsicliiij; at rainlKunc in JHoh. 
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" When she had gone about a quarter of a mile, there was a 
roughish piece of road covered with loose stones ; she didn't go 
quite so fast, and as it was a flood of rain, and we were very 
squeezed together, I jumped off. She was going faster than I 
could walk, and went on up the hill about a quarter or half a 
mile farther, when they turned her and came back again to the 
shop. Captain Dick tried her again the next day ; I was not 
there, but heard say that some of the castings broke. Ilecollect 
seeing pieces of the engine in the ditch years afterwards, and 
suppose she ran against the hedge." 

In the same year Mr. Newton * informed the writer 

" that he knew Mr. Trevithick well, and was to have been 
his pupil in engineering. He rode on the engine the first 
evening it was tried. It went half a mile up a steep hill, and 
then returned to the workshop [we stood on the very ground 
while Mr. Newton told his story]. The fire was blown by a 
double-acting bellows, worked by the engine. Was well ac- 
quainted with Murdoch, and his friends in Cornwall, but never 
heard he had made a locomotive, or that Trevithick had been 
his pupil. The engine was called Captain Dick's puffer, from 
the steam and smoke puffing out of the chimney at each stroke 
of the engine." 

" Captain Nicholas Vivian saw the Camborne steam-carriage, 
and was familiar with the stories of the early trials, as his 
friends and relatives were interested in it It ran part of the 
way up the Beacon hill when first tried. Something went 
wrong, and it was taken back to Tyack's smiths' shop ; it workcnl 
again after that, but he did not know what was then done 
with it." 

The stiffness of the incline on the Beacon hill pre- 
vented horse-vehicles from ascending at more than 
walking speed. In the present day it is straightened, 
but the old boundary-marks are still to be seen of a 
sharp curve at the commencement of the journey. 

* IJesidiiig at Camborne in 185^. 
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This southern road from Camborne was the worst of 
the four that were open to Trevithick's choice for test- 
ing his first locomotive, carrying as many passengers 
as could find standing-room on it — perhaps half a dozen 
or half a score. A piece of newly-made road with loose 
stones, just where the incline increased, and when the 
small boiler had expended its hoarded stock of high- 
pressure steam, heaped an insurmountable barrier 
against the small wheels of the engine, and bafiled the 
engineer for the moment. While the road was being 
smoothed, the steam had increased its elastic force.. 
Another progress was made, and the first half-mile had 
been travelled on a steam-horse. 

The incline was still increasing, almost up to the 
steepness of the famous Mont Cenis, of 1 in 15 or 20, 
when the engineer was again beaten, and stuck fast. 
It was Christmas time: rain drenched the ambitious 
innovators, and cooled the steam-boiler, and coming 
darkness added to the gloom. The engine was turned 
about, and safely conveyed the passengers back again, 
down this dreadful circuitous hill, to the starting point 
at Tyack's smiths' shop. 

** Captain Joseph Vivian, of Roskadennick, says: When he 
was a boy about nine years old, he used to go into Tyack's 
smiths' shop at Camborne to see the steam-carriage Captain 
Trevitbick was having made there. 

** Some of the turning work was done in Captain Andrew 
Vivian's workshop, wliere there was a small turning lathe. The 
castings came from Harvey's foundry at Hayle. The first day 
the new steam-carriage ran about the streets and up the Beacon 
hill. The next day it went down to Crane, a short mile, that 
Captain Andrew Vivian's family, who lived there, might see it. 
Old ILrs. Paul cried out, * Good gracious, Mr. Vivian ! what will 
be done next? I can't compare uu to anything but a walking, 
puffing ^evil.' 
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" It then went nearly three miles to Tehidy Park, that Lord 
Dedunstanville might have a ride, but something broke just 
before it reached the house." 

The 'Mining Journal,' Oct. 2nd, 1858, has the fol- 
lowing : — 

" With regard to the Cornwall engine, Mr, John Petheriek, 
writing to his nephew, Mr. Edward Williams, says : — 

***CardiflF, September 11th, 1858. I perfectly remember, 
when a boy, about the year 1800, seeing Trevithick's first loco- 
motive engine, worked by himself, come through the principal 
street of Camborne, in Cornwall (Trevithick's native place). 

" * This experiment was satisfactory only as long as the steam 
pressure could be kept up ; and during that continuance 
Trevithick called upon the people to "jump up," so as to create 
a load on the engine, and it soon became covered with men, who 
did not seem to make any difference to the power of speed, as 
long as the steam was kept up. This was sought to be done 
by the application of a cylindrical horizontal bellows^ worked 
by the engine itself, instead of a stack ; but the attempt to keep 
up the power of the steam for any considerable time proved a 
failure. There were other experiments made which I heard of, 
but did not witness ; but the same objection prevailing, caused 
the attempt to be laid aside for that time. Tliis was the first 
public exhibition of the invention.' " 

" Henry Clark ^ says he was working in the Valley smiths' 
shop in Doleoath, when Captain Dick's locomotive ran. It 
carried ten or twelve persons from Mr. Harris's gate to Knap's 
Hotel, about a quarter of a mile, and up hill. 

** I worked many years for Captain Dick : he was a nice man. 
We went to his house in Camborne singing carols; Captain Dick 
touched his lady with his elbow ; she was taking something out 
of her purse, when Captain Dick said, * Let me see ! ' and he 



* The drawing of the Camborne writer had not then seen the state- 



locomotive, made from recollections of 
the various old men, who, when boys, 
had st>en it, shows an ordinary smithes 



ment of his friend Mr. Petheriek, who 
is probably correct in stating that the 
bellows was cylindrical. 



bellows of the pri'nent day. The ( * Living at Kedruth, 1869. 
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turned the purse upside down in my hand, and a pretty lot of 
silver we had." 

*• Henry Vivian,' a nephew of Captain Andrew Vivian, 
recollects his father (Johnson Vivian) giving a lecture on the 
early locomotive in Camborne, and reading a letter he had 
received from Captain Andrew Vivian describing the trials in 
the London streets, sometimes going too fast, sometimes not 
fast enough. 

" The omnibus and cab drivers used to throw cabbage stumps, 
rotten onions, or eggs at them. 

" When describing the earlier experiments in Camborne, his 
father said it was put together in a smiths' shop at Wheal Gerry, 
near Itoskear Mine. He worked about it. 

"They started to go to Tehidy House where Lord De- 
dunstanville lived, about two or three miles oif. Captain Dick 
Trevithick took charge of the engine, and Captain Andrew was 
steering. They were going very well around the wall of 
Ilosewarne ; when they came to the gully (a kind of open water- 
course across the road) the steering handle was jerked out of 
Captain Andrew's hand, and over she turned." 

These several recollections from eye-witnesses, so 
long aft^r the event, establish the broad facts, though 
details may be more or less wanting, showing two dis- 
tinct experiments: tlie one up Beacon Hill, the other 
in the opposite direction, to Tehidy Park. Probably 
there were several trials, and some repairs and im- 
provements during several weeks or even months. 

The blast-pipe gave its puffs of steam and smoke from 
the chimney. The double-action bellows, for ensuring 
a good fire in case the steam-blast did not answer, was 
never used after this first experiment. 

Trevithick and Vivian became partners over their 
Christmas dinner of 1801, and then started for London 
to secure a patent. 

* Working for Messrs. Harvey anrl Co., 1869. 
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" London, No. 1, Southampton Street, Strand, 

" Mr. Giddy, '' 16^^ J^n., I802. 

" Sir, — No doubt ere this you have been in expectation 
of hearing from us ; but so much time was taken up at Bristol 
and its environs, in contracting for engines, that we did not 
arrive here until last Wednesday night. 

" We waited on Mr. Sandys, who informed us that the caveat 
had been secured, and advised us to get the best information 
we could of persons who were well acquainted with patents and 
machines, of what title to give the machine, and what was the 
intended use of it. The next day waited on Mr. Davy with 
your kind letter, who with the greatest cheerfulness immediately 
waited on Count Rumford, to whom we had a letter of intro- 
duction from Mr. D. to wait on the Count on Friday morning. 
We found him a very pleasant man, and very conversant about 
fire-places, and the action of steam for heating rooms, boiling 
water, dressing meat, &c. ; but did not appear to have studied 
much the action of steam on pistons, &c. The Count has given 
us a rough draft of a fire-place, which he thinks is best adapted 
for our carriage, and Trevithick is now making a complete 
drawing of it. 

" We are to wait on the Count when the drawing is com- 
pleted, and he has promised to give us all the assistance in his 
power. 

" Mr. Davy says that a Mr. Nicholson, he thinks, ^-ill be a 
proper person to assist us in taking out the patent, and we are 
to be introduced to him to-morrow, and then shall immediately 
proceed with the business. We shall not specify without your 
assistance, and all our friends say that if we meet with any 
difficulty nothing will be so necessary as your presence. 

**When we delivered Lord Dedunstanville's letter to Mr. 
Graham, he said he would give us every assistance in hb power 
gratis, if wanted. 

" Mr. Pascoe Grenfell says he can find a way to the Attorney- 
General, if wanted. 

" It is strongly recommended to us to get a carriage made 
here and to exhibit it, which we also believe must be done. 

** Trevithick called on Mr. Clayfield at Bristol, and is to call 
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agaio on his return from Goalbrookdale to go in the mine. 
Both Mr. Clayfields beg their most respectful compliments to 
you. Mr. Davy begins his lectures at the Royal Institution on 
Thursday next, and has given us tickets of admittance. 

" We^ remain in good health and spirits, Sir, 

** Your most obliged, humble servants, 

** R. Trevithick, 
** A. Vivian." 

On January, 1802, the two partners were busy in 
London with the intricacies of the patent-laws. The 
legal men asked, What is the title of the machine? 
and what its intended use ? But these apparently simple 
questions were not easily answered. 

The common road locomotive had been worked. 
The tramroad and railroad engines were being de- 
signed: neither of those, or both combined, would 
serve as a title describing fully the objects of the 
patent. 

On their way from Cornwall to London they had 
contracted to erect their patent high-pressure engine 
for pumping and winding purposes on Mr. Clayfield's 
colliery. 

The drawing to accompany the patent showed three 
distinct kinds of engines for different uses. How could 
Trevithick define a use which was to be general and 
universal ? 

However, Sir Humphry Davy, Mr. Da vies Gilbert, 
and Count Rumford, all well known for their scientific 
knowledge (and as active members of the Royal Society, 
the two former having been Presidents), came to his 
assistance and helped with their advice. 

Count Rumford was not quite up to the idea of the 
new steam-engine, to be worked solely by the pressure 

VOL. I. I 
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n the piston ; still he gave his opinion of 
o( steam ^^^ ^^^ ^^^ boiler of the steam-carriage. 

A proper .1 ^ Camborne, and wrote : — 
f in»n returnee 

"Camborne, Tuesday, Febrtutry 23r</, 1802. 

** a J Arrived here last evening safe and sound, and missing 

iras seon informed slie was at your house, wliere I 

^^ It tely repaired. Your wife and h'ttio Nancy are very 

^^^ hnt BichsLrd is not quite well, having had a com|ilaint 

• fc any children in the neighbourhood have been afllicted 

'h' they are a little feverish when attacked, but it has soon 

^^ off SB I expect your little son's will also ; he is much bettor 

T* inoi«ing» and talked to me very cheerfully. 

ttt[TB, Trevithick is in pretty good spirits, and requested I 

fj n^t say a word to you of llichard's illness, as she exjwctcMl 

. ^gjd be soon over ; but as I know you are not a woman, have 

Ven yea ^n exact state of the facts. All my family, thank 

0^ I found in perfect health, and all beg their kind remem- 

kf^ces to you, as does everyone that I have met in the village. 

•'*flow do you do?' 'How is Captain Dick?' with a shake 

by the hand, have been all this morning employed. 

** In a day or two you shall have all the luirticulars of mines, 
^ yuftice for the time to say that N. li. Downs is as good as 
ever. Sohl 83 tons, 4th inst., chi<»lly halvans, at !>/. ISs. per ton, 
and have not, as we supposed, |)ostiK)ned the sampling one 
month, but luive sampled again 124 tons. 
" In the Falmouth paper are the following lines : — 
'''In additiim to the many attempts that have been made to 
constriK^t carriages to run witliout horses, a mctliod has been 
lately tried at Camborne, in this county, that seems to promise 
success. 

•** A carriage^ has bei*n constructed containing a small sti^am- 
engine, the force of whicli was found sufficient, upon trial, to 
impel the carriage, contiiining several persons, amounting at 
least to a ton and a half weiglit, against a hill of considerable 
steepness, at tlie rate of four miles an liour ; wyion a level road 
it ran at the rate of eight or nine miles an hour. We have 
our information from an intelligent and res|K*ctable man who 
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was in the carriage at the time, and who entertains a strong 
persuasion of the success of the project. The proprietors are 
now in London soliciting a patent to secure the property.' 

** The same paper also mentions the increasive population of 
the parish of Camborne, viz. in one week nine women upraised, 
five pair of banns published on Sunday, and five more delivered 
to the clerk the Saturday following, eight children christened, 
and five weddings, a rare week's work, which have produced a 
few lines in verse, which I perused this morning ; it describes 
the parson reprimanding the clerk, sexton, and organist for 
getting drunk, and himself at the same time reeling against 
the altar-piece at the Communion table and breaking one of 
the commandments. 

** Pray let mo hear from you on the receipt of this. When 
you go on with the York Water Company be sure to remember 
in the agreement that the new engine is not to do inore uvrk 
than the old one unless paid in proportion, otherwise they may 
increase their number of tenants, and keep our engine con- 
stantly at work. 

" With most respectful compliments to Mr. and Mrs. Stamp, 
Mary, and the little ones, 

" I remain, dear Sir, 

*' Yours most sincerely, 

" Andrew Vivian. 

"Mrs. T. (your beloved wife) begs her love, and expects lo 
hear from you often. 

*' Mr. Richard Trevithick, Steam Engineer, 
" 1, SoiUJuimpton Street, Strand, London.^' 

Trevithick returned to Cornwall, to go on with his 
experiments, and Vivian took his place in London 
about the patent : — 

'* Southampton Street, 
" Mr. Trevithick, " Tuesday, 23rd March, 1802. 

** Dear Friend, — Yours of yesterday came to my hand 
this moment, and Mrs. T. may rely on me to do the needful 
in procuring the balsam. 

1 2 
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" I arrived in town yesterday about three o'clock. I boxed 
Harry (that is, I went without dinner) that no time might be 
lost. This I should not have done, you may easily suppose, had 
the whole of the business been my own ; but here you are con- 
cerned, which puts all inconveniences to myself out of the 
question. Of course I immediately repaired to Crane Court, 
where I was informed that the patent was to be sealed on 
Wednesday (to-morrow) ; and that they did not know whether 
the specification must be lodged on to-day, or a month from the 
sealing. They recommended me to Mr. Davy, at the Rolls 
Chapel Office, for information, where I immediately repaired, 
but could not find the gentleman. From there I shaped my 
course to Soho Square, and spent two or three hours with 
Mr. Nichol^n ; had the necessary alterations made in the rough 
copy of the specification. 

'' At the Fantasmagoria Mary and Sarah Stamp and I got 
about eight o'clock, and returned about ten, well pleased. To- 
day I have been again at Crane Court, to the Bolls Chapel 
Ofiice, and to the Patent Office at the Adelphi, and have got 
the whole business in a proper train. 

** Mr. Horton promised me to get the specification engrossed 
immediately. Mr. H. soon followed me to the Rolls Chapel 
Office, to request Mr. Davy to engross it, as he knew more of 
the business. I spent some time with the little gentleman, and 
have confirmed my opinion of him, that he is a very clever little 
feUato. He will do all in his power to get me out of town 
on Thursday evening; if so, you will see me on Saturday 
evening. 

** Mr. Davy by some means had heard of me, and says his 
sisters and self are well acquainted with Mrs. May, before and 
since she was married; and had I time we certainly should 
make a round party to some kind of diversion, but time will not 
permit me the pleasure. To-morrow having no business of the 
patent until eight in the evening, when I must call at the 
Patent Office for the great knob of wax ; and the former part 
of the day will be to see Woolf, Watson, &c. 

**Mr. and Mrs. Stamp beg their compliments, also Mary, 
Sarah, and William ; and must beg the favour of your best 
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speeches to be employed in my kind remembrance to Mrs. 
Trevithick, Mrs. Harvey, and all that may happen to be at 
your house of your good family, and remain, dear friend, yours 
very sincerely, 

" Andrew Vivian." 

Da vies Gilbert completes this history of the first 
locomotive by his recollections. 

" My dear Sir, " Eastbourne, Aj^rU 29M, 1839. 

**The travelling engine took its departure from Cam- 
borne Church Town for Tehidy on the 28th of December, 
1801, where I was waiting to receive it. The carriage, how- 
ever, broke down, after travelling very well, and up an ascent, 
in all about three or four hundred yards. 

** The carriage was forced under some shelter, and the parties 
adjourned to the hotel, and comforted their hearts with a roast 
goose, and proper drinks, when, forgetful of the engine, its 
water boiled away, the iron became red hot, and nothing that 
was combustible remained, either of the engine or the house. 

" It must have been, I presume, in the preceding summer 
(that is, of 1801) that Trevithick and myself tried an experi- 
ment, on a one-horse chaise, as to the hold of the wheels on the 
ground for moving it up an ascent. 

" We placed the carriage in the middle of one of the roads 
leading to Camborne Church Town, and we discovered that 
none of the declivities were sufficient to make the wheels slide 
in any perceptible degree, as we forced the carriage forward by 
turning the wheels. 

" The success of the experiment induced Trevithick, in con- 
cert with Andrew Vivian, either to procure a patent, or to take 
measures about it. 

"After this I have not any distinct recollection of any 
particular fact, till, being in Oxford with my father and 
sisters in the winter and spring of 1804, I was earnestly 
entreated by Trevithick and by Mr. Samuel Homfray, a great 
ironmaster at Merthyr Tydfil, to come there and assist them 
in some experiment. I accordingly left Oxford, and reached 
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Merthyr Tydfil on the 12th of March, and on the 24th the 
engine which Trevithick had constructed for going on the rail- 
way, travelled from Pen-y-darren, Mr. Homfray's, to a works 
called Plymouth, and back again ; but all the weight was accu- 
mulated on the same four wheels, with the engine, for none of us 
once imagined, if the weight was divided, that the wheels of the 
engine-carriage could possibly hold. In consequence of this 
great pressure, a large number of rails broke; and on the 
whole the experiment was considered a failure. 

" Within a year or two of this time, Trevithick thought of the 
iron tanks to be riveted to the timbers of a vessel. 

"He took out a patent, and associated himself with some 
adventurer, who became a bankrupt, and deprived Trevithick 
of all the advantages to be derived from this excellent 
adaptation. 

"Da VIES Gilbert. 

"J. S. Ent8, Esq." 

Trevithick had spoken to Davies Gilbert in 1796' 
on the possibility of making an engine to work by the 
force of steam ; and having made models with wheels 
again requested his friend to come to Camborne, and 
go with him {71 a one-horse chaise " to test tlie hold of 
its wheels on the ground for moving the carriage up 
an ascent." 

This was the same post-chaise that we shall find 
was specially kept for Watt's use when in the neigh- 
bourhood of Redruth some sixteen years l)efore, on his 
first residence in Cornwall. Mrs. Trevithick has spoken 
of drives with her husband in this much-envied post- 
chaise of three-quarters of a century ago, kept for the 
aristocracy by Mr. Harvey, who lived opposite Newton's 
Hotel, in Camborne. It was the only comfortable car- 
riage to be let on hire, fit for gentlefolk, in the West 



* Sec letter of Daviee Gilbert, chap. iv. 
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of England, to supply the twenty or thirty miles of 
country from Truro to the Land's End. 

Watt engaged the grand carriage for a week or 
more at a time ; Trevi thick and hia wife only on special 
holidays ; and probably the use of the dra^ on the steep 
hills, or other trifling incident, taught Trevithick the 
amount of friction between a drag or a carriage-wheel, 
and the road on which it rested. 

About 1800 Trevithick requested Mr. Davies Gilbert 
to come with him and witness the fact that carriages 
could be propelled by causing their wheels to turn 
round. The two friends removed the horse from the 
carriage when on a stiff hill, gave their strength to the 
spokes of the wheels, and the carriage progressed. This 
memorable carriage conveyed the two greatest of modern 
engineers while their thoughts were intent on schemes 
of national importance, and gave a proof to one of them 
that if its wheels were forced to turn, the carriage and 
its contents would progress ; and on this hint the build- 
ing was at once commenced of the first Camborne 
common road locomotive to be driven by the force of 
high-pressure steam, which in 1801 was reported in the 
Falmouth paper as " carrying several persons, amount- 
ing to at least a ton and half weight, against a hill of 
considerable steepness, at the rate of four miles an 
hour; and when upon a level road, of eight or nine 
miles an hour." 

Stephen Williams was sure it was Christmas-eve 
when he rode. Davies Gilbert waited at Tehidy for 
the steam-carriage on the 28th December; but it did 
not reach the end of its intended journey of three miles, 
because something broke. The gentlemen adjourned 
to the hotel for dinner and Cornish punch. Meanwhile 
the engine, being neglected, was burnt. 



120 CAMBORNE COMMON ROAD LOCOMOTIVE. 

Williams heard that the engine ran on the 25th De- 
cember, the day following that on which he had ridden. 
These different stories refer to one locomotive tried on 
various days, which shortly after its destruction was 
replaced by a new locomotive. 

** Mr. Hugh Hunter* recollects crowds of people going from 
Kedruth to Tuckingmill to see Captain Trerithick's puffing devil. 
It worked from Camborne to Tuckingmill and back ; the two 
places are a mile apart. It was a very hilly, bad road, much 
worse than it is now. Tis hilly enough now, but 'tis broad and 
straight ; then it was narrow and very crooked. Some of the 
crooked parts of the old road may still be seen. I could not 
leave my work to go to Tuckingmill, but everybody was talking 
about it ; and I thought I should like to work under Captain 
Dick, who was then engineer in Cook's Kitchen, and, after a bit, 
I got in there as carpenter about 1802 or 1803, not long after 
Captain Dick had worked his locomotive ; and I have been in 
the mine ever since, and had to do with many of Captain Dick's 
engines." 

" Mr. Anthony MichelP came to live at Redruth in November, 
1802, and shortly after, about the spring of 1803, a great many 
|R»nkms went to Tuckingmill to see Captain Dick Trevithick's 
jHiftor lo(^onu)tive that was going to nui from Camborne to Red- 
ruth, aliout thriH* or four miles : he was going with Mr. Hocking, 
a niriunitor; Walter Itaiy, an innkeeper; and John Cole, a 
CAr|M«nUT. I (*ould not go. They said, that in going up the 
Tuckiugnull hill towanl Redruth, the driving wheels slipped 
urtMiiid luui Hunk into the road, and they could not get her on; 
it wait u vtTV KtiH^p and crooked road. Everybody was talking 
nlmut it, iukI thoy Kiiid that Captain Dick and Captain Andrew 
W«M)t iN'fort^ llit« King; and Captain Dirk kissed the King's 
IimimI. Imi( (Vptuiu Andrew was not asked. 

** My fiitluT, Itichard Michell, was one of the old Cornish 
l»li||liM*nm ; \\o nuido a model of Boulton and Watt's engine, and 
hmk It tt> London for the trial against Bull, and losing that 



\As iiiM nl r<«>l 111 18(U). 3 Living at Uodruth in 1869. 
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trial broke Bull's heart. There was no post-chaise in Bedruth 
at that time, but there was one in Camborne that used to be 
kept for Watt Watt used to put a piece of his father's roll 
tobacco to dry on the steam-pipe, and then would roll it in his 
hands to make a pinch of snuff. 

** About twelve years ago my brother John made a working 
model of a steam-engine that stood upon a fourpenny-piece." 

Mr. Hugh Hunter related these early incidents as one 
reading from a book. He had for more than sixty 
years worked in Cook's Kitchen Mine, where about 1809 
he replaced the famous water-wheel, which fifty years 
before had, under the management of Trevithick, sen., 
been spoken of as the largest in the country. Hunter's 
new wheel was of the same size as the old one. It was 
of wood, 48 feet in diameter, and 3 feet in the breast. 

Th6 locomotive, says Hunter, ran between Camborne 
and Tuckingmill in 1802 or 1803, on the road to 
Redruth, from which place crowds of people went to 
see it, and the talk about it made him solicit employ- 
ment under Trevithick. 

Mr. Michell, who belonged to the Eastern, or Watt 
Mines, spoke distinctly of the trial of the locomotive 
between Camborne and Redruth in the autumn of 1802, 
or spring of 1803, when it stuck fast, because the driving 
wheels slipped round on going up a steep hill. The 
road is still, in its altered state, pretty stiflf; but thirty 
or forty years ago the incline was 1 in 15 or 20. 

He spoke with great glee of his father's going with 
Watt in the Camborne post-chaise, and making snuflF 
out of his roll tobacco for the great engineer. 

This second trial in Cornwall was a preparation for 
the greater experiment in the streets of London.* 

' llic writfer is in possession of a small part of one of these locomotives, 
said to haye been given by Trevithick to the late Mr. Francis Michell. 
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Stuart thus speaks of the increased power of Trevi- 
thick's engine : — 

" The steam, however, is capable of a temperature considerably 
above that required merely to balance the piston, or 14^ lbs. to 
each square inch ; it would, as used in these engines, generally 
balance four or five times that weight ; and, of course, the piston 
is impelled downwards in the cylinder. When it has made its 
stroke, the cock is turned by the lever or pin attached to the 
working beam, or horizontal arm, into the opposite {X)sition. This 
opens a communication between the under side of the piston and 
the boiler, and between the upper side and the chimney," &c? 

Hebert, speaking of the origin of steam locomotion, 
and of the marked diflference between the Watt and the 
Trevithick engine, says : * — 

" The merit of the first suggestion of steam-carriages has been 
attributed to different individuals, but the probability is, that 
the idea of applying the steam-engine for the purpose of loco- 
motion was coeval with its first invention. Thus Saverv, from 
having considered its possibility, and Dr. Bobison, from having 
suggested it to Watt, have by some been regarded as the 
inventors ; but almost as well might we regard the philosophic 
poet Darwin to have been the inventor, who prophesied : — 

* Soon shall thy arm, unconquered 8U»am, afar, 
Drag the slow barge, and drive the rapid car ! ' 

" In a note to a late edition of Dr. Robison's ' Mechanical 
Philosophy,' Mr. Watt states : ' My attention was first directed 
in the year 1759 to the subject of steam-engines by the late 
Dr. Bobison, then a student in the University of Glasgow, and 
nearly of my own age. He at that time threw out the idea of 
applying the power of the steam-engine to the moving of wheel- 
carriages, and to other purposes ; but the scheme was soon 
abandoned on his going abroad.* 

*^In the patent granted to Mr. Watt in 1781, he gave an 
account of the adaptation of his mechanism to the propulsion of 

* Sw Stuart, * History cf the Steam-EnRiiio,' p. 1G5 ; published 1824. 

• See Luke UeUrt * C^u Hailways,' p. 1« ; published 1887. 
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land-carriages. The boiler of this apparatus he proposed should 
be made of wooden slaves^ joined together, and fastened with 
iron hoops like a cask. The furnace to be of iron, and placed 
in the inside of the boiler, so as to be surrounded on every side 
with water.. The boiler was to be placed on a carriage, the 
wheels of which were to receive their motion from a piston 
working in a cylinder, the reciprocating motion being converted 
into a rotary one by toothed wheels, revolving with a sun-and- 
planet motion, and producing the required velocity by a common 
series of wheels and pinions. 

" By means of two systems of wheel-work, differing in their 
proportion, he proposed to adapt the power of the machine to 
the varied resistance it might have to overcome from the state 
of the road. A carnage for two persons miglity he thought, be 
moved with a cylinder of 7 inches in diameter, when the piston 
had a stroke of 1 foot, and make sixty strokes a minute. 
Mr. Watt, however, never built a steam-carriage. 

*' It is well known that Mr. Watt retained up to the period of 
his death, the most rooted prejudices against the use of high 
steam; indeed, he says himself: *I soon relinquished the idea 
of constructing an engine on this principle, from being sensible 
it would be liable to some of the objections against Savery's 
engine, viz, the danger of bursting the boiler ; and also that a 
great part of the power of the steam would be lost, because no 
vacuum was formed to assist the descent of the piston.' — Watfs 
Narrative, 

" The specification of the patent granted to Messrs. Trevithick 
and Vivian is descriptive of a high-pressure engine, the most 
simple and effective ever known, which has thus been character- 
ized by the eloquent Mickleham : — ' It exhibits in construction 
the most beautiful simplicity of parts, the most sagacious 
selection of appropriate forms, their most convenient and 
effective arrangement and connection : uniting strength with 
elegance, the necessary solidity with the greatest jwrtability ; 
possessing unlimited power, with a wonderful pliancy to ac- 
commodate it to a varying resistance ; it may indeed be called 
The Steam-Engine r '' 

Stuart, writing fifty years after the date of the 
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Watt patent, clearly defined the diflference, in principle 
and in practice, of the rival engineers. Trevithick 
increased the steam pressure from one atmosphere, or 
14i lbs. on the square inch, to 50 or 60 lbs., and by- 
it impelled the piston with four times the force of a 
Watt low-pressure steam vacuum engine. Hebert, who 
wrote thirteen years later, still illustrates the marked 
diflference in the two men by pointing out that, in 
1784, Watt gave his views of a steam-carriage, and 
Murdoch tried his hand at one. Watt proposed a 
wooden boiler, a cylinder 7 inches in diameter, with 
a stroke of 1 foot, and sun-and-planet wheels. It is 
not said that it was to carry condensing water, but such 
may reasonably be inferred. It was to convey two 
persons, but on further consideration. Watt said: "I 
soon relinquished the idea of constructing an engine on 
this principle (high-pressure steam principle), because 
of the danger of bursting, and also because no vacuum 
was formed to assist the descent of the piston." 

Trevi thick's high-pressure engine, which was worked 
oy the force of steam 60 lbs. or more on the square inch, 
wholly discarded the vacuum ; and certainly without 
this radical change there could have been no locomotion. 

No original drawing remains of this first passenger- 
carrying locomotive engine, but from the description of 
those who saw it, there is little doubt of the general 
correctness of the drawing made by the writer. 

One of the gains from the Trevithick high-pressure 
engine was its portability and cheapness, when com- 
pared with the Newcomen or the Watt engine, neither 
of which could work without condensing water — which 
locomotive engines cannot procure. 

This engine had little or no resemblance to any 
steam-engine that had preceded it. No stone founda- 
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tions, air-pump, condenser, condensing water, beam, 
or parallel motion, all the improvements of fifty years 
thrown aside ; and the great and costly boiler of his 
predecessors was replaced by one so small that it seemed 
merely a part of the engine, as a stand- point on which 
to fix the mechanism. 

The boiler was cylindrical, of cast iron, in which 
the steam-cylinder was fixed ; the tubular-boiler flues 
were of wrought iron, and entirely within the boiler. 

The exhausted steam having done its work in the 
cylinder, at a pressure pf 60 lbs. to the inch, passed into 
the chimney as a steam-blast, causing an intensely hot 
fire, and in its passage heated the feed-water. 

The boiler-flues, together with the steam-cylinder, 
filled up a large portion of the interior of the boiler, 
reducing the weight of water carried to its lowest 
possible requirement, while a feed-pump, steam-gauge, 
safety-valve, and soft metal plug in the fire-tube, gave 
accurate supply of water, or escape of steam. 

The feed-pole was constructed precisely like the 
plunger-poles he had fixed in the mine-shafts, and is 
unchanged to the present day. 

Low-prassure boilers had no feed-pumps, being sup- 
plied by gravity of the water from a cistern above the 
boiler. 

The heating the feed-water by the waste steam was 
also an application originating with him. The steam- 
cylinder had its steam-pipe and bottom cast as a part 
of it. The inlet and outlet of steam was performed by 
one simple piece called Trevithick's four-way cock. 
The piston-rod, cross-head, guide-rods, and connecting 
rods, were all of simple form. The boiler served as a 
framing for keeping the four wheels in their proper 
places, and also the cylinder and working parts. The 
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two front or steering wheels were turned by a rod 
conveniently placed close to the engineman attending 
at the fire-door. 

One result of these experiments was the immediate 
application for a patent, granted on the 24th March, 
1802, to Richard Trevithick and Andrew Vivian, for 
steam-engines for propelling carriages, &c., which may 
be read and studied by the young engineer with pleasure 
and profit even in " this " age of greatly-improved 
steam mechanism. 
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CHAPTER VIII. 

PATENT OP 1802, AND LONDON LOCOMOTIVE. 

Trevithick and Vivian's Specification. 

"Our improvements in the construction and application of 
steam-engines are exhibited in the drawings hereunto annexed 
and explained, namely : — 

" In Plate IV., Figure 1 represents the vertical section of a 
steam-engine with the said improvements ; and Figure 2 repre- 
sents another vertical section of the same engine at right angles 
to the plane of Figure 1. The dark shaded parts represent iron, 
and the red parts represent brickwork, and the yellow parts 
engine brass, excepting only the wooden supporters of the great 
frame in Figures 4 and 5, and the carriage-wheels in 6 and 7. 
A represents the boiler made of a round figure, to bear the 
expansive action of strong steam. The boiler is fixed in a case 
D, luted inside with fire-clay, the lower part of which con- 
stitutes the fire-place 6, and the upper cavity afibrds a space 
round tlie boiler, in which the flame or heated vapour circulates 
round till it comes to the chimney E. The case D and the 
chimney are fixed uiH)n a platform F, the case being supported 
upon four legs, C represents the cylinder enclosed for the 
most part in the boiler, having its nozzle, steam-pipe, and 
bottom cast all in one piece, in order to resist tlie strong steam, 
and with sockets in which the iron uprights of the external 
frame are firmly fixed. G represents a ccM*k for conducting 
the steam, as may be more clearly seen by observing Figure 3, 
which is a plan of the top of the cylinder, and the same (larts in 
Figure 2. 

" 6, Figures 2 and 3, represents the passage from the boiler to 
the cock G. This passage has a throttle-valve or shut, adjust- 
able by the handle m, Figure 2, so as to wiredraw the steam, 
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and suffer the supply to be quicker or slower. The position of 
the cock represented in Figure 3 by the yellow circle is such, 
that the communication from the boiler through 6, by a 
channel in tlie cock, is made good to d, which denotes the 
upper space of the cylinder above the piston, at the same time 
that the steam-pipe a (more fully represented in Figure 1) is 
made to afford a passage from the lower space in the cylinder 
beneath the piston to the channel C, through which the steam 
may escape into the outer air, or be directed and applied to 
heating fluids or other useful purposes. It will be obvious that 
if the cock be turned one quarter of a turn in either direction, 
it will make a communication (Figure 3) from the boiler 
passage b to the lower part of the cylinder, by or through a, at 
the same time that the passage r from the upper part of the 
cylinder will communicate with c, the passage for conveying 
off the same steam. P, Q, is the piston-rod moving between 
guides, and driving the crank R, S, by means of the rod Q, R, 
the axis of which crank carries the fly T, and is the first mover 
to be applied to drive machinery, as at S and W, Figure 2. 
The alternations of action are made by the successive pressure 
of the steam above and below the piston, and these are effected 
by turning the cock a quarter turn at the end of each stroke 
by means of the following apparatus, most fully delineated in 
Figure 1. a;, y, is a double snail, which in its rotation presses 
down the small, wheel 0, and raises the weight N by a motion 
on the joint M of the lever 0, N, from which proceeds down- 
wards an arm, M, L, and consequently the extremity L is at 
the same time urged outwards. This action draws the hori- 
zontal bar L, I, and carries the lever or handle H, I, which 
moves upon the axis of the cock G through one-fourth of a 
circle. It must be understood that H, I, is foreshortened (the 
extremity I being more remote from the observer than the 
extremity H), and also that there is a click and ratchet-wheel 
in the part H, which gathers up during the time that L is 
passing outwards, and does not thou move the cock G. But 
that when the part x of the snail opposite O, that is to say, 
when the piston is about the top of its stroke, then the wheel 
O suddenly falls into the concavity of the snail, and the ex- 
VOL. I. . K 
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tremity L by its return at once pushes I, H, through the 
quarter circle, and carries with it the cock G, and turns the 
steam upon the top of the piston, and also affords a passage for 
the steam to escape from beneath the piston ; every stroke, 
whether up or down, produces this effect by the half turn of the 
snail, and reverses the steam-ways as before described. Or, 
otherwise, the cock may be turned by various well-known 
methods, such as the plug with pins or clamps striking on a 
lever in the usual way, and the effect will be the same, whether 
the quarter turns be made back or forward, or by a direct 
circular motion, as is produced by the machinery here deli- 
neated, but the wear of the cock will be more uniform and 
regular if the turns be all made the same way. In the steam- 
engines constructed and applied according to our said Inven- 
tion, the steam is usually let off or conducted out of the engine, 
and in this case no vacuum is formed in the engine, but the 
steam, after the operation, is or may be usefully applied as 
before mentioned. But whenever it is found convenient or 
necessary to condense the steam by injection water, we use a 
new method of amdensing by an injection above the bucket 
of the air-pump ; and by this Invention we render the con- 
denser or space which is usually constituted or left between 
the said bucket and the foot- valve entirely unnecessary, and 
we perfectly exclude the admission of any elastic iiui<l from 
the injection water into the internal working spaces of the 
engine. 

" In Figure 2 is represented a method of heating the water 
for feeding the boiler, by the admission of steam after its escape 
through c into the cistern/. The steam passes under a false* 
bottom e, i>erforated with small holes, and heats the water 
therein, a portion of which water is driven at every revohition 
of the fly by the small pump A, through /, z, into the boiler A. 
We also on some occasions produce a more equable rotary 
motion in the several parts of the revolution of any axis moved 
by steam-engines, by causing the piston-rods of two cylinders to 
work on the said axis by cranks at one quarter turn asunder. 
By this means the strongest part of the action of one crank is 
made to assist the weakest or most unfavourable jiart of the 
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action in the other, and it becomes unnecessary to load the 
work with a fly. 

** Figure 4 is an upright section, and Figure 5 is a plan of 
the engine, with rollers for pressing or crushing sugar-canes, 
moved by a steam-engine improved and applied according to 
our said new Invention. B is a case, in the form of a drum or 
cylinder, suspended upon two strong trunnions or pivots at 

and 0, its flat ends standing upright ; within the iron case is 
fixed a boiler A, not much smaller in its dimensions, but so as 
to leave a vacant space between itself and the case, and within 
the boiler is fixed a fire-place, having its grate above the ash- 
hole D ; the heated vapour and smoke rises at the inner 
extremity, and passes through two flues E, E, Figure 5, which 
join above at E, m. Figure 4, in tlie chimney E, wliich is there 
loosely applied, and is slung between centres in a ring at F. 
The working cylinder C, with its piston, steam-pipe, nozzle, and 
cock, are inserted in the boiler as here delineated. The piston- 
rod drives the fly T, T, upon the arbor of which is fixed a small 
wheel, which drives a great wheel upon tlie axis of the middle 
roller. The guides are rendered unnecessary in this application 
of the steam-engine, because the piston-rod is capable, by a 
horizontal vibratory motion of the whole engine upon its pivots 
O, to adapt itself to all the required positions, and while the 
lower portion of the chimney E, w, Figure 4, j)artakes of this 
vibratory motion, the upper tube E, F, is enabled to follow it 
by its play upon the two centres or pivots in the ring F. In 
such cases or constructions as may render it more desirable to 
fix the boiler with its chimney and other apparatus, and to place 
the cylinder out of the boiler, the cylinder itself may be sus- 
pended for the same purpose upon trunnions or pivots in the 
same manner, one or both of which trunnions or pivots may be 
perforated so as to admit the introduction and escape of tlie 
steam, or its condensation as before mentioned. And in such 
cases, when it may be found necessary or expedient to allow of 
no vibratory motion of the boiler or cylinder, the same may be 
fixed, and the methwl of guides be made use of, as in Figure 

1 or 2. Tlie manner in which the cock is turned is not repre- 
sented in these two drawings, but every competent workman will, 

K 2 



132 PATENT OF 1802, AND IX)NDON LOCOMOTIVE. 

without difficulty, understand that this effect may be produced 
by the same means as in Figure 1, or otherwise by the stroke 
of pins duly placed in the circumference of the fly, and made to 
act upon a cross fixed on the axis of the cock, or otherwise by 
the method used in the carriage, Figure 6, and hereinafter 
described. The steam which escapes in this engine is made to 
circulate in the case round the boiler, where it prevents the 
external atmosphere from affecting the temperature of the 
included water, and affords, by its partial condensation, a supply 
for the boiler itself, and is or may be afterwards directed to 
useful purposes as aforesaid. 

" Figure 6 is a vertical section, and Figure 7 the plan of the 
application of the improved steam-engine to give motion to 
wheel-carriages of every description. IJ represents the cas(% 
having therein the boiler with its fire-place and cylinder, as 
have been already described in Figure 4. 

" The piston-rod P, Q, Figure 7, is divided or forked, so as to 
leave room for tlie motion of the extremity of the crank 11. The 
said rod drives a cross-piece at Q backward and forward between 
guides, and tliis cross-piece, by means of the bar Q, 11, gives 
motion to the crank with its fly F, and to two wheels T, T, upon 
the crank axis, which lock into two correspondent wheels U ujwn 
the naves of the large wheels of the carriage its^^lf. The wheels 
T are fitted u|X)n round sockets, and receive their motion fmm 
a striking box or bar S, X, which acts uj>on a pin in each wheel. 
S, T, are two handles, by means of which either of the striking 
boxes S, X, can be thrown out of gear, and the correspondent 
wheel W by that means disconnected with the first mover, for 
the pur|)Ose of turning short or admitting a backward motion of 
that wheel when required. But either of the wheels ^V, in case 
of turning, can be allowed considerably to overrun the other 
without throwing 8, X, out of gear, because the pin can go very 
nearly round in the forward motion before it will mei*t with any 
obstruction. The wheels U are most commonly fixed upon the 
naves of the carriage-wheels W, by which means a revolution of 
the axis itself becomes unnecessary, and the outer ends of the 
said axis may consequently bo set to any obliquity, and the 
other part fixed or bende<l, as the objects of taste or utility may 
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demand. The fore wheels are applied to direct the carriage by 
means of a lever H, and there is a check-lever which can be 
applied to the fly, in order to moderate the velocity of progres- 
sion while going down hill. In the vertical section, r, u, denotes 
a springing lever, having a tendency to fly forward. Two levers 
of this kind are duly and similarly placed near the middle of 
the carriage, and each of them is alternately thrown back by a 
short bearing lever S, ty upon the crank axis, which sends it home 
into the catch w, and afterwards disengages it when the bearing 
lever comes to press upon V, in which case the springing lever 
flies back. A cross-bar or double handle o, p, is fixed upon the 
upright axis of the cock, from each end of which said cross-bar 
proceeds a rod p, j, which is attached to a stud j, that forms 
part of the springing lever r, u. This stud has a certain length 
of play, by means of a long hole or groove in the bar, so that 
when the springing lever r, Uy is pressed up, the stud slides in 
the groove without giving motion to p. When the other spring- 
ing lever is disengaged, it draws the opposite end of p, o, by 
which means p draws the long hole at y, up to its bearing 
against the stud, ready for the letting off of that first-mentioned 
springing lever. When this last-mentioned lever comes to be 
disengaged, it suddenly draws p back, and turns the cock one 
quarter turn, and performs the like ofiice of placing the 
horizontal rod of the other extremity of ^, o, ready for action by 
its own springing lever. These alternations perform the open- 
ing and shutting of the cock, and to one of the spring levers 
r, u, is fixed a small force-pump w, which draws hot water from 
the case by the quick back-stroke, and forces it into the boiler 
by the stronger and more gradual pressure of S, t It is also to 
be noticed, that we do occasionally, or in certain cases, make the 
external periphery of the wheels W uneven, by projecting heads 
of nails or bolts, or cross-grooves, or fittings to railroads when 
required ; and that in cases of hard pull we cause a lever, bolt, 
or claw, to project through the rim of one or both of the said 
wheels, so as to take hold of the ground ; but that in general the 
ordinary structure or figure of the external surface of these 
wheels will be found to answer the intended purpose. And, 
moreover, wo do observe and declare, that the power of the 
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engine, with regard to its convenient application to the carriage, 
may be varied, by changing the relative velocity of rotation of 
the wheels W, compared witli that of the axis S, by shifting the 
gear or toothed wheels for others of different sizes properly 
adapted to each other in various ways, which will readily be 
adopted by any person of competent skill in machinery. The 
body of the carriage M may be made of any convenient size or 
figure, according to its intended uses. 

" And lastly, we do occasionally use bellows to excite the fire, 
and the said bellows is worked by the piston-rod or crank, and 
may be fixed in any situation or part of the several engines 
herein described, as may be found most convenient." 

A little repetition may be necessary in drawing tlic 
reader's attention to the number and variety of valu- 
able practical inventions in this notable patent 8j)ecifi- 
cation of 1802. Figures 1, 2, 3, show a portable high- 
pressure steam-engine, the boiler of which is a hollow 
globe of east iron, having the under side indented for 
the fire-place. A casing of iron, coated with fire-clay, 
forms the Hues surrounding the boiler. The chimney 
\H of iron, attached to the flue. The cylinder, of most 
Himplo form, is let partly into, and fixed in the boiler. 
Prom its top, two upright bars serve as supports for 
the crank-shaft, and also as guides for the piston-rod. 
A roller on the top of the piston-rod causes it to work 
easily in the guides. A four-way cock is moved by a 
compound eccentric, called a snail. If the action of the 
eccentric, which was nearly, or quite, a new thing, was 
unsatisfactory, the cock might be worked by the well- 
known method of tappets. A throttle-valve regulates 
the supply of steam. An air-pump may be used, con- 
densing in the exhaust-steam pipe in preference to the 
larger condensing vessel used in the Watt engine ; or 
the engine may be worked as a pufler, without con- 
densing; in which case the waste steam warms the 



PATENT OF 1802, AND LONDON LOCOMOTIVE. 135 

feed-water, which is forced into the boiler by a plunger- 
pole. 

Figures 4 and 5 show his high-pressure portable 
steam-engine applied to a crushing machine. The boiler 
in that engine is a cylinder of wrought iron with flat 
ends, having three internal wrought-iron tubes. The 
fire-place is in the lower of the tubes, which tube 
extends the length of the boiler, and returns to the 
fire-door end as a double tube, where it joins the 
wrought-iron chimney. The boiler is enclosed in a 
case slightly larger, just allowing space for the pas- 
sage of the used steam, thus sheltering the boiler from 
external cold, and supplying hot feed-water, or reserve 
steam for other purposes. 

The boiler is supported on two centres or trunnions, 
on which it moves or oscillates. The cylinder is 
fixed in the steam space of the boiler. The piston-rod 
attaches direct to the crank. The trunnions serve as 
steam-ways. The chimney is wrought iron, suspended 
on a centre to allow for the oscillation of the boiler; 
or the boiler may be fixed, the cylinder alone oscil- 
lating. Two cylinders are recommended in preference 
to one, with cranks at right angles. 

The crank-axle is fixed on a cast-iron frame, which 
also supports the boiler, chimney, and crushing rollers ; 
the whole apparatus being complete, without masonry 
or woodwork. 

How very distinct is this description of engines, 
patented seventy years ago : and these were not mere 
floating ideas, but the result of true and practical know- 
ledge, tested by prior experience. 

This particular combination of parts is similar, in 
a practical sense, to the double-cylinder, oscillating 
marine engines of the present day. The tubular boiler 
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of small bulk, so small that it might reasouably oscil- 
late. The boiler-flues wholly internal. The cylinder 
and the boiler protected from the cold, and tlie feed- 
water heated by the used steam on its way to the 
chimney : everything small, and portable, and com- 
plete, and attached to the frame tliat supported tlie 
machine to be put in motion. Trial engines had been 
constructed before the date of the patent to prove their 
efficiency. 

Figure 6 is of a locomotive and carriage for common 
roads. The boiler is cylindrical, made of wrought iron, 
with two internal tubes, for fire-place and flue, called the 
U, or return tube. The cylinder is fixed in the boiler, 
and placed in a horizontal position, close behind the 
driving axle. The end of the piston-rod is split into 
four rods, working in a guide, that the crank-axle may 
be brought near to the cylinder. Changeable tooth- 
wheels with couplings connect the crank-axle with the 
driving wheels. A fly-wheel equalizes the movement 
and serves as a brake. The four-way cock is worked 
by spring levers, resting against projections on the 
crank-shaft, being an eccentric simplified. A spring 
lever also works the feed-[X)le. The two driving wheels 
are of wood, about 10 feet in diameter. The two guide- 
wheels about 4 feet. Nearlv the whole weight of ma- 
chinery and passengers comes on the driving wheels. 
The gear-wheel on the crank-axle is 3 feet in dia- 
meter, working into a 4-leet on the driving axle, thus 
increasing the i)ower of the cylinder. Those gear- 
wheels could be shifted, to vary the power or s|)eed. 
The fire-door and chimney were l>oth at the back end, 
but are not shown. The framing is of wrought iron. 
The whole engine is new in dewign, and totally dif- 
ferent from the first Camborne engine. The horizontal 
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cylinder takes the place of the earlier vertical cylinder. 
The forked piston-rod is the mechanical novelty that 
has since become widely useful, being what is now 
known as the side rod, or side beam and cross-head 
movement, largely used in steamboats. 

Neither of the drawings shows the passage of the 
waste steam into the chimney. The steam-blast and 
the adhesion of the wheels were stumbling-blocks to 
a generation following Trevithick. He saw both of 
them plainly, though the best form of the blast-pipe 
was not quite decided on, and therefore not drawn. 
In the specification he says of the first drawing, — 
" Tlie steam may escape into the outer air, or be 
directed and applied to heating* fluids, or other useful 
]mr]H)ses.'' And again, " but the steam, after the 
operation, is or may be usefully applied as before 
mentioned!' In describing the second engine, — " The 
steam which escapes in this engine is made to circulate 
in the case round the boiler, where it prevents the 
external atmosphere from affecting the temperature of 
the included water, and affords, by its partial con- 
densation, a BUj^ply for the boiler itself, and is or may 
be afterwards directed to useful purposes as afore- 
saidr In the third or locomotive engine, having 
a boiler very similar to that just described, he says, 
"and lastly, we do occasionally use bellows to excite 
the fire." 

The bellows is not drawn any more than the blast- 
pipe, though both were used in the first Camborne 
engine j)rior to the patent, but only the blast-pipe was 
used after the patent. Years of experience have 
taught locomotive engineers that the best effect of the 
blast-pi j)e de])ends on its particular shaj^e and position 
iu tlie chimney. This dilliculty Trevithick felt, as 
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diown by the wording of the specification, and absence 
of a drawing of the pipe; but the idea was distinct, 
and the proof is in his constant use of the blast-pipe, 
from tlie first trial. 

On the grip or adhesion of the wheels, he says: — 
" We do occasionally, or in certain cases, make the 
external periphery of the wheels uneven, by projecting 
heads of nails or bolts, or cross - grooves, or fittings 
to railroads when required ; and that in cases of 
hard pull we cause a lever, bolt, or claw, to project 
through the rim of one or both of the said \vliecl«, 
so as to take hold of the ground ; but that in general 
the ordinary structure or figure of the external surface 
of these tcheels will be found to answer the mtended 
purj)Osey 

Mr. Symons^ recollects distinctly Captain Andrew 
Vivian explaining to him and others that his partner 
(Trevithick) must be wrong about his proposed tram- 
way engine. " If the w^heels slipped on the rough 
ground, they would slip much more on the smooth 
iron." This was said when the patent was being taken 
out, in which Trevithick and Vivian state " the grip 
will be found sufficient.'' " Trevithick was one of 
those men who would have his own wav." On this 
vital question of adhesion his partner was dead against 
him, and in his view w^as backed by general opinion, 
which remained more or less in force for fiftv or more 
years; while, on the other hand, his early practical 
inventions were clogged by the hesitating and never- 
carried-out patent claim of Watt. " I intend in many 
cases to employ the expansive force of steam, to press 
on the piston, in the same manner as the pressure 



' Living Hi CuiiiU>riii* in 1809. 
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of the atmosphere is now employed in common fire- 
engines. In cases where cold water cannot be had in 
plenty, the engine may be wrought by the force of 
steam only." 

The failing to see or to understand what Trevithick's 
working experiments clearly pointed out, has caused 
millions of money to be wasted in avoiding inclines 
and curves on railways that could easily have been 
passed by the locomotive engine and its train of 



carriages. 



The patent having been secured, Trevithick was hard 
at work in Cornwall, on his portable high-pressure 
engines, to be adapted to any j3urposes where j^ower 
from coal was cheaper than from men or horses. 

Another common road locomotive was in progress, the 
trials of which are spoken of in a former chapter as the 
Tuckingmill locomotive. Its form was not sufficiently 
described by the old men who recollected its running 
when they were boys, to enable the writer to give a 
drawing. It performed longer journeys than the first 
one, and probably those trials suggested further changes. 
The engine portion was sent to London, there to be 
supplied with larger wheels, and a suitable carriage for 
passengers. 

A letter* of May 2nd, 1803, speaks of a high-pressure 
engine working very satisfactorily in London, turning 
and boring brass cannon for the Government, working 
with steam of 40 to 45 lbs. on the inch. 

The Tuckingmill locomotive engine had at that time 
just arrived in London. The cylinder was 5^ inches in 
diameter, with a stroke of 2^ feet. With 30 lbs. of steam 
it worked fifty strokes a minute. 

* See letter, May 2inl, 1803, chap. viii. 
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The following extract from Andrew Vivian's account- 
book authenticiites the dateis : — 



(( 



1801. — Expt'iiswi to Wm. West about first carriage. 
1803, January. — Wm. West, exixiiiaes at Messrs. llarx'cy 

and Co., preiMiring a new cylinder. 
Feb. and March. — Ditto, preparing a boiler. 

Ditto, five months' exiK-nses in London. 
Jan., 1803. — Andrew Vivian, expenses in London, and 

((uay dues at Falmouth. 
July, 180.S. — To Felton, for building the coach .. 
Aug., 1803. — To iKiid Messrs. Foxes, &hip|)ers, Falmouth, 

for carriage of the engine to London 



£ s. d. 



5 



83 

20 11 11 " 



A rough draft of a letter from Captain Andrew 
Vivian^ to Sir Richard Vyvyan, says : — " At the time 
it was on the road in London, my partner was not 
with me ; it ran well ; however, there was some defect, 
and our finances being low, we were compelled to 
abandon it." 

A draft of a letter by the late Captain Henry Vivian,' 
a son of Captain A. Vivian, says : — 

"They carried thoir engine to London about the middle of 1803. 

" I well recollect its going up and down our town several 
times ; and the rise for about 300 feet is 1 in 20. 

"The women used to call it the devil. Not making it 
answer, they sold it to a company in Merthyr Tydfil, in Wales, 
where it ran on a tramroad. 

" j\ry father went to London in 1801, and again in 1802. He 
himself worked the engine when it ran from Leather Lane, 
from the shop of Mr. Felton (who built the carriage, and he 
and his sons were with the engine all the first day it ran), 
througli Liquorpond Street, into Gray's Inn Lane, by Lord's 
Cricket Ground, to Paddington and Islington, and back to 
Leather Lane. 

^' Mr. Gumey never saw the engine that was built here, for it 
was destroyed by fire ' before he came to Camborne with me, as 
stated in my father's letter." 



» Written in .luly, 1h;;4. 
» WritU'ii in 1845. 



» Str ktUr of Duvifb UilUrt, 
diap. vii. 
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This second locomotive, tried in damborne in the 
latter part of 1802 or commencement of 1803, was 
sent to London in January, 1803. William West was 
then at Harvey's foundry in Cornwall, preparing a 
new cylinder; and still in February and March he 
was there preparing a new boiler, after which he was 
for five months in London, about the steam-carriage; 
and in August, Felton was paid for building the 
coach. 

The London locomotive of 1803 was a great improve- 
ment on the former ones : it was not so heavy ; and the 
horizontal cylinder, instead of the vertical, added very 
much to its steadiness of motion ; while wheels of a 
larger diameter enabled it the more easily to pass over 
bits of bad road, which had brought the Camborne 
one to a standstill. The boiler was wholly of wrought 
iron, and, with the engine attached to it, was put 
together at or near Felton's carriage shop in Leather 
Lane; Trevithick, Andrew Yivian, and William West 
were with it ; and Arthur Woolf (then in Trevithick's 
pay with the first high-pressuie sent to London) came 
to see what was going on. 

Andrew Vivian ran it, one day, from Leather Lane, 
Gray's Inn Lane, on to Lord's Cricket Ground, to 
Paddington, and home again by way of Islington — a 
journey of half a score miles through the streets of 
London. Trevithick was not on the engine on that 
occasion. Andrew Vivian was not an engineer, and 
would not have ventured on so long a run had there 
not been prior proof of what the engine could do; 
and the fact of an altered cylinder and boiler having 
been under construction in Cornwall after the loco- 
motive had been sent to London, proves that several 
trials had been made, and changes found necessary. 
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"Captain Joseph Vivian rccollecta that about ISOIt, Iiis 
father, then a captain of a vessel, on his return from I^nilon 




told them tliat ho and liis nephew, John Vivian, hnd been 
inviteil to tnkc a bit of a drive with Ciijilain Trevitliii-k and 
Captain Andrew Vivian on their steam-ciirriagc : tlicy went 
along pretly well throngh a good many sircefs, and wori^ inviteil 
again for the nest day ; but Captain Vivian thought he was 
more likely to Buffer sliipwreck on the steani-earringe than on 
board his vessel, and did not go a second time." 

"Captain John Vivian, H.M.P.S., was, about the middle of 
1803, on board his uncle's vessel in Ixindon, and often went 
to see the steam-carriage putting together at a eoach-biii bier's 
shop in Leather Lane. Captain 'J'revithick and Captain Andrew 
Vivian were there, and Jlr. William Watt was the principal 
man in putting the engine together. Mr. Arthur AVoolf fre- 
quently came in, be being engaged close by as an engineer 
in Meiix's brewery. 

"Thinks the engine had <me cylinder, and thi-ee wheels; the 
two driving wheels behind were about 8 feet in diameter. 
The boiler and engine were fixed just between those wheels. 
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The steering wheel was smaller, and placed in front. There 
were some gear-wheels to connect the engine with tlie driving 
wheels. The carriage for the passengers would hold eight or 
ten persons, and was placed between the wlieels, over the 
engine, on springs. One or two trips were made in Tottenham 
Court Road, and in Euston Square. One day they started 
about four o'clock in the morning, and went along Tottenham 
Court Bead, and the New Boad, or City Koad: there was a 
canal by the side of the road at one place, for he was thinking 
how deep it was if they should run into it. Tliey kept going 
on for four or five miles, and sometimes at the rate of eight or 
nine miles an hour. I was steering, and Captain Trevitliick 
and some one else were attending to the engine. Captain 
Dick came alongside of me and said, * She is going all right.' 
* Yes,' said I, * 1 think we had better go on to Cornwall' She 
was going along five or six miles an hour, and Captain Dick 
called out, * Put the helm down, John ! ' and before I could 
tell what was up. Captain Dick's foot was upon the steering- 
wheel handle, and we were tearing down six or seven yards of 
railing from a garden wall. A person put his head from a 
window, and called out, * What the devil are you doing there ! 
What the devil is that thing ! ' 

" They got her back to the .coach factory. A great cause 
of difliculty was the fire-bars shaking loose, and letting the fire 
fall through into the ash-pan. 

*' The waste steam was turned into the chimney, and puffed 
but with the smoke at each stroke of the engine. When the 
steam was up, she went capitally well, but when the fire-bars 
dropped, and the fire got out of order, she did not go well. 

**I heard afterwards that the framing of the engine got a 
twist, and she was used to drive a mill for rolling hoop-iron ; 
and also that she ran on a tramroad laid down in Regent's 
Park." ' 

" In 1800, Mrs. Humblestone recollected Mr. Trevithick's 
steam-carriage go through Oxford Street ; the shops were closed, 
and numbers of persons were waving handkerchiefs from the 
houses ; no horses or carriages were allowed in the street 

' CaptAin John Vivian died January, 1871, at Ilayle, aged ciglity-seven yt'ars. 
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during the trial. The carriage moverl along very quickly, 
and there was great cheering. At that time she kept a sliop 
next door to tlie Pantheon, and it, like the others, was closed. 
Her husband was employed with Mr. Trevithick at the Black- 
wall dredgers or the Tunuel." ^ 

The reader must not im«igine that these few records 
collected of events witnessed by but very few who still 
live, nor that the slight notice to be found of them 
in written history are indications of their want of im- 
portance, or of their having been mere j)assing expe- 
riments. They were the first and firm steps of the 
young locomotive, which Trevithick laboured for years 
to strengthen and make useful, and whicli would have 
given to our fathers some of the benefits we receive 
from steam locomotion had they had the good sense to 
comprehend Trevithick. Two years of locomotive ex- 
periments in Cornwall were followed by six or eight 
months of trials in the streets of London, commencing 
with January, 1803, when the locomotive was for- 
warded from Cornwall. 

The day on which Captain John Vivian steered, they 
started at four o'clock in the morning, going through 
Tottenham Court Road and the City Road, sometimes 
at a speed of eight or nine miles an hour, and so suc- 
cessfully that — in joke — they talked of keeping on until 
they reached Cornwall, when bad steering, rather tlian 

• 

engine defects, brought them to a standstill. It passed 
through Oxford Street at a good pace, amid cheers and 
waving of handkerchiefs. Undoubtedly other trips were 
run, but we have evidence suflicient to prove that the 
streets of London were safely passed through by the 
steam-horse at about the speeil of the living horse. 

* SUiUMiiont liy Mrs. Huinblcstonc, r>l, Karl Stn««'t, Islington, lSr»o. 
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Felton's carriage, to carry six or eight persons, placed 
over the engine and boiler between the large driving 
wheels, was supported on springs from the engine 
framing, which was of wrought iron. The boiler 
was of wrought iron, with internal return fire-tiibe. 
The fire-door and chimney were at one end. The * 
cylinder was fixed in the boiler horizontally, and the 
crank was just under the carriage : coal and water were 
carried on the engine platform. The steam-blast in the 
chimney caused the small boiler to produce the neces- 
sary quantity of steam, and the increased size of the 
driving wheels to 8 or 10 feet in diameter gave a 
better grip, and enabled the engine and its load to pass 
more easily over road inequalities. 

These continued trials and their consequent cost 
drained to the bottom the pockets of the inventors, and 
put an end for a time to locomotive experiments. The 
steam-carriage was sold for what it would bring, and the 
engine portion became a hoop-iron rolling-mill engine. 

All the partners, except Trevi thick, were disheartened 
at this result of steam travelling. He and Vivian at 
that time held each two-fifths of the patent, and West 
one-fifth ; none of them received a penny, and they paid 
their losses as best they could. 

Trevithick had learnt, however, from the shocks on 
the rough pavements, that a smooth road of iron was 
the thing to enable the steam-horse to run well, and 
from that time gave his thoughts to the railway foim 
of locomotion. 

It has been said that Trevithick was a pupil of Mur- 
doch's, and learned from him the knowledge of the 
steam-carriage.* Murdoch's model was made in 1784, 
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when Trevithick was a boy of tliirteen. Murdoch's ex- 
periments, which never bore fruit, were made in the 
dark and in secret. His model had a cylinder J inch in 
diameter, with a 2-inch stroke; its boiler was a square 
box of copper, 4 inches on the side, heated by a lamp. 
' Its Bmallness did not admit even of a liliputian engine- 
man, and, having no guide, it could not run. 




The following particulars were read at the Institute 
of Mechanical Engineers in 1850, and from them the 
writer first learnt of Murdoch's attempt, though he had 
lived many years among engineers within ten miles of 
Murdoch's residence at Redruth : — 

" Watt's friend and assistant, William Murdoch, took up the 
idea of a steam-carriage, broached by his patron, and constructed 
a non-condensing steam-IocomotiYe, of liliputian dimensions, in 
the year 1784, the date of Watt's second patent. This locomo- 
tive, placed on three wheela, is shown in Fig. 1. 

" The boiler ia of copper ; the flue passes obliquely through it, 
and is heated by « spirit-lamp. The cylinder is { inrh diameUr, 
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and has 2 inches stroke ; it is fixed on the top of tlie boiler, 
and the piston-rod is connected to one end of a vibrating beam, 
to which also is attached the connecting rod for working the 
crank of the driving axle. 

" The slide-TalTe is doable, cylindrical, and worked directly 
by the beam, which strikes the shoulders of the valve-spindle ; 
and the exhaust steam passes through the hollow of the spindle, 
going out near the top. One of the wheels only is fixed on the 
crank-axle, and a single wheel is placed in front, working in a 
swivel frame, to allow the carriage to run in a. small circle. 
The driving wheels are 9^ inches diameter, and the leading 
wheel 4| inches. Notwithstanding these diminutive dimensions, 
this little gentleman managed to outrun the inventor on one 
occasion. *One night, after returning from his duties at the 
mine,* in Bedruth, Cornwall, where he resided for some time, in 
charge of the mining engines, * he wished to put to the test the 
power of his engine ; and, as railroads were then unknown, lie 
had recourse to the walk leading to the church, situated about 
a mile from the town. This was very narrow, but kept rolled 
like a garden-walk, and bounded on each side by high hedges. 
The night was dark, and he alone sallied out with his engine, 
lighted the fire, a lamp under the boiler, and off staiied the 
locomotive, with the inventor in full chase after it Shortly 
after he heard distant despair-like shouting ; it was too dark 
to perceive objects, but he soon found that the cries for as- 
sistance proceeded from the worthy pastor, who, going into 
town on business, was met on this lonely road by the fiery 
monster, whom he subsequently declared he took for the Evil 
One in propria persona.' " ^ 

The foregoing led the writer to make inquiries among 
old men at Redruth who had been intimate with Mur- 
doch. Nothing could be learned, except an indistinct 
recollection that they had heard that something had 
been tried. As a last resource, the daughter of the 
" worthy " but frightened pastor was sought for, and 

* Biographical notice of William Murdoch, by Mr. Fiiickle. D. K. Clark*t 
* Railway Machinery,' publiHhcd 1855. 

L 2 
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though hut a child when her parents told the story, 
gave the following with all the freshness of a modern 
event : — 

" Ou a dark evening her parents, returQing from Bedruth to 
the Ticarage, wero suiiicwhat startled by a fizzing sound, and 




. [W. 



Li,.] 



saw a little tiling on the road iDOfing in a zigzag way. Mur- 
doch was witli it; lier parenld knew him well. They uoderstood 
that Murdocli wi:>hed the experiment to be kept si'cret, and slie 
does not recollect ever hearing of it afterwards, though alie fn*- 
quently saw Murdoch and heard of his engineering occupations. 
Mr. \ViUon, the agent for Boultou and Watt, was a frequent 
visitor at her lather's house."' 



' Mrs. Kognn' tecollKtionn, Penmnci', : 
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Only one of the driving wheels was fixed on the 
driving axle, which fully accounts for its travelling in 
zigzags. 

The following letter by Trevithick, in 1803, shows 
that he lost no time in applying his locomotive engine 
to tramways : — 

" Boulton and Watt sent a letter to a gentleman of this place, 
who is about to erect some of these engines, saying that they 
knew the effect of strong steam long since, and should have 
erected them, but knew the risk was too great to be left to care- 
less enginemen. That it was an invention of Mr. Watt, and 
the patent was not worth anything. This letter has much en- 
couraged the gentlemen of this neighbourhood respecting its 
utility. As to the risk of bursting, tliey say it can be made 
quite secure. 

" I believe that Messrs. Boulton and Watt are about to do me 
every injury in their power, for they have done their utmost to 
report the explosion, both in the newspapers and in private 
letters, very different to what it really wa^;. They also state 
that driving a carriage was their invention ; that their agent, 
Murdoch, had made one in Cornwall, and had shown it to Captain 
Andrew Vivian, from which I have been enabled to do what I 
have done. I would thank you for any information that you 
might have collected from Boulton and Watt, or from any of 
their agents, respecting their ever working with strong steam, 
and if Mr. Watt has ever stated in any of his publications the 
effects of it; because if he condemns it in any of his writings, it 
will clearly show that he did not know the use of it. 

" There will be a railroad-engine at work here in a fortnight ; 
it will go on rails not exceeding an elevation of one-fiftieth part 
of a perpendicular, and of considerable length. I have desired 
Captain A. Vivian to wait on you to give you every information 
resjiecting Murdoch's carriage — whether the large one at Jfr. 
Budge's foundry was to be a condensing engine or not." ' 

> Scf Trevithick'H letter, Ist October, 180;{, (Imp. xx. 
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The simplicity of Trevithick's question brings out the 
truth :* " If Watt condemns the use of high steam in 
any of his writings, it will clearly show that he did not 
know the use of it." 

Dr. Robison/ the scientific and intimate friend of 
Watt, says : ** It is well known that Mr. Watt retained 
up to the period of his death, the most rooted prejudices 
against the use of high steam." He also speaks of a 
design for a locomotive by Watt, in 1784, with a wooden 
boiler, and sun-and-planet wheels. Those schemes of 
Watt and of Murdoch may have some relation to the 
story that Captain Andrew Vivian was to speak of to 
Davies Gilbert, '* whether the large one at Mr. Budge's 
foundry was to be a condensing engine or not." 

Budge' was a clever Cornish mechanic, and had 
small workshops and a foundry at Tuckingmill ; working 
frequently for Trevithick, sen., prior to Watt's appear- 
ance in Cornwall. If Watt never worked with high 
steam, his contemplated locomotive must have been a 
condensing engine. 

This opens up a curious question in the history of the 
steam-engine. It is evident that Murdoch attempted 
a working model of a locomotive in 1784, but failed, 
and Watt blamed his agent for so throwing away his 
time. It is also evident that Watt had his plans for 
ao comotive as described by Dr. Robison, and it now 
seems more than probable that to put his ideas into 
form he employed Mr. Budge, whom we have met 
with as the mechanic employed by Trevithick, sen., 
in erecting his Carloose engine of 1775, and in which 
an increased pressure of steam was probably used, from 
the improved boiler. 

' Soc Dr. H<)bJ8on*8 stuteinent, chap. vii. 

* See Butige erecting Trevithick's engine in 177o, chap. ii. 
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We may never know what passed between Budge, 
Watt, and Murdoch. Murdoch's model, with one driving 
wheel, wobbled like a lame duck, and disappeared after 
one brief airing on a dark night ; his boiler retained the 
weak flat sides of the low-pressure system, and Watt 
talked of a still weaker boiler to be made of wood. 
Fifty years ago the writer wondered what was carried 
on inside the dirty walls and windows of what had 
been Budge's foundry, but never dreamed that perhaps 
the construction had been attempted of a low-pressure 
steam locomotive vacuum engine, with wooden boiler 
and sun-and-planet wheels. 

There was no similarity between those proposed loco- 
motives and Trevithick's realities. 
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CHAPTER IX. 

TRAM AND RAILWAY LOCOMOTIVES. 

The energy with which Trevithick followed up and 
made useful his inventions is, if possible, more wonder- 
ful than his never-failing faculty of bringing together 
old things under new and improved forms. It was a 
saying in Cornwall that Captain Dick would make 
a capital working steam-engine from the scrap heap or 
castaways of ordinary engineers. 

While busy with the work mentioned in former 
chapters in Cornwall and London, he carried on other 
and new designs in South Wales and Shropshire ; and 
in August, 1802, the Coalbrdokdale Company were 
building for him a railway carriage or locomotive, 
though they feared to attempt its construction, or dis- 
believed Trevithick's promise that such an engine would 
work well, without the Watt air-pump and condenser. 

He therefore designed an engine suitable for loco- 
motion, and at the wime time adapted it to force water 
a certain height, so that its power might be seen and 
accurately measured by the unbelievers. A 10-inch 
pump having a 4-feet stroke was attached to the engine, 
which forced water up a column of pipes 35 feet high. 

This engine had all the leading features of the 
modern locomotive. The boiler was cylindrical, 4 feet 
in diameter, and giive steam of any pressure from 
60 lbs. to 145 lbs. on the square inch. 

A blast-pipe, with a regulating cock, cause^l the 
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boiler to give a full supply of steam, and also heated 
the feed-water. 

The cylinder was 7 inches in diameter, with a stroke 
of 3 feet, and, with its gear-work, was attached to the 
boiler. 

The term blast-pipe was then unknown to describe 
the thing just brought into use. But the expressions, 
" the steam continued to rise the whole of the time it 
worked," until it became immanageable, and "I was 
obliged to stop, and put a cock in the mouth of the 
discharging pipe," and a small hole in the discharge- 
pipe to allow some of the blast-steam to escape into the 
feed-warmer, through which it passed, prove the in- 
vention of the blast-pipe, with its regulating cock and 
transmission of heat from surplus steam into the feed- 
water, to have been as fully understood and practically 
applied by Trevithick in 1802 as it is by us in the 
present age, when innumerable blast-pipes are in use. 

" COALBROOKDALE, SHROPSHIRE, 

*" Davies Giddy, Esq., " Aug. 22nd, I802. 

"Sir, — I should have written to you some time since, 
but not having made sufficient trial of the engine, have deferred 
it until it is in my power to give you agreeable information of 
its progress. 

"The boiler is 4 feet diameter; the cylinder 7 inches dia- 
meter, 3-feet stroke. The water-piston is 10 inches in diameter, 
drawing and forcing 35 feet perpendicular, equal beam. I first 
set it off with about 50 lbs. on the inch pressure against the 
steam- valve, without its load, before the pumps were ready, and 
have since worked it several times with the pumps, for the 
inspection of the engineers about this neighbourhood. 

" The steam will get up to 80 lbs. or 90 lbs. to the inch in 
about one hour after the fire is lighted ; the engine will set off 
when the steam is about 60 lbs. to tlie inch, about thirty strokes 
per minute, with its load. There being a great deal of friction 
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on such small engines, the steam continued to rise the whole of 
the time it worked ; it went from 50 lbs. to 145 lbs. to the inch 
in fair working, forty strokes per minute ; it became so unma- 
nageable as the steam increased, that I was obliged to stop and 
put a cock in the mouth of the discharging pipe, and leave only 
a small hole open of J by | of an inch for the steam to make its 
escape into the water. The engine will work forty strokes per 
minute with a pressure of 145 lbs. to the inch against the steam- 
valve, and keep it constantly swimming when burning 3 cwt. of 
coal every four hours. I have now a valve making to put on 
the top of the pumps, to load with a steelyard, to try how many 
pounds to the inch it will do of real duty when the steam on 
the valve is 145 lbs. to the inch. 

" I cannot put many more pumps, as they are very lofty 
already. The packing stands the heat and pressure without the 
least injury whatever; enclosed you have some for inspection 
that has stood the whole of the working. As there is a cock in 
the discharging pi})e which stops the steam after it has done its 
office on the piston, I judge that it is almost as fair a trial as if 
the pump-load was equal to the power of the engine. Had the 
steam been wire-drawn between the boiler and the cylinder it 
would not have been a fair trial, but being stopped after it has 
passed the engine, it tells much in its favour for bearing a 
greater load than it has now on. 

" The boiler will hold its steam a considerable time after the 
fire is taken out. We worked the engine three-quarters of an 
hour after all the fire was taken out from under the boiler. It is 
also slow in getting up, for after the steam is atmosphere strong 
it will take half an hour to get it to 80 lbs. or 90 lbs. to the 
inch. It is very accommolating to the fireman, for, fire or not, 
it is not soon felt. 

'^ The engineers at this place all said that it was im]X)6sib!e 
for so small a cylinder to lift water to the top of the pumps, and 
degraded the principle, though at the game time they spoke 
highly in favour of the simple and well-contrived engine. They 
say it is a supernatural engine, for it will work without either 
fire or water, and swore that all the engineers hitherto are the 
biggest fools in creation. They are cons^tantly calling on me, 
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for they all say they would never believe it unless they saw it, 
and no person here will take his neighbour's word even if he 
swears to it. They all say it is an impossibility, and they will 
never believe it unless they see it. After they had seen the 
• water at the pump-head, they said that it was possible, but that 
the boiler would not maintain its steam at that pressure for five 
minutes; but after a short time they went off, with a solid 
countenance and a silent tongue. 

'*The boiler is 1^ inch thick, and I think there will be 
no danger in putting it still higher. I shall not stop loading 
the engine until the packing burns or blows out under its 
pressure. 

" I will write you again as soon as I have made further trial. 
If I had fifty engines I could sell them all here in a day, at any 
price I would ask for them. They are so highly pleased with 
it that no other engine will pass with them. 

"The Dale Company have begun a carriage at their own cost 
for the railroads, and are forcing it with all expedition. 

** I remain. Sir, 

" Your humble servant, 

*• Richard Trevithick." 

Wire-drawing steam was an early term for ex- 
pansive working, and was familiarly spoken of by 
Trevithick in 1802, though the engineers who came to 
see the new principle at work, some of them perhaps 
from Soho, not many miles distant, where none but 
low-pressure steam vacuum engines were made, said 
that this new high-pressure steam-engine, without con- 
denser, " degraded the principle," because it did not 
use condensing water, though at the same time they 
spoke highly in favour of its simplicity, and of the 
smallness of the fire-place and boiler resulting from the 
use of the blast-pipe, whicli produced a white heat and 
rapidly generate<l steam of great expansive force. 
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Within two years from the expiry of Watt's still- 
born patent, claiming the invention of an engine work- 
ing by the pressure of steam, Trevithiek had carried 
his vigorous high-pressure puffers from Cornwall to the 
outskirts of Soho. 

Watt disbelieved, after years of deliberation, the pro- 
priety of constructing high - pressure steam-engines; 
and so did other engineers living near him, who thought 
an engine deriving its main power from vacuum better 
than one that was in no way dependent on it. 

They all said it was an impossibility, and they would 
never believe it unless they saw it ; but having seen 
the water at the pump-head, they said that the boiler 
would not maintain its st^am at the pressure for five 
minutes ; and so the sceptics passed from error to error, 
and were now in the mystery of the blast-pipe, a cause 
of confusion to many ; and among them was Watt, who 
with a full knowledge of the working of Trevithick's 
high-pressure steam-puffer engines, and the all-powerful 
authority of the Soho Works, never, during the re- 
maining seventeen years of his life, from the time of 
this public proof of the power and compactness of the 
non-condensing engine, constructed an engine with a 
blast-pipe. 

The boiler bearing this high-pressure steam was 
a cast-iron cylinder, H inch in thickness, having a 
wrought-iron internal return tube, similar to those he 
had during four or five years supplied, first to the 
Cornish mines as portable engines, and tlien in the 
Camborne common road locomotive. 

It required an hour after lighting the fire to raise 
the steam to 80 or flO lbs. to the inch ; but when the 
engine was at work, and the blast came into play, the 
steam pressure rapidly increase^! to 145 lbs. This was 
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a shock of annihilation to the Wattites, whose tongues 
were silent and countenances changed. Instead of 
the stock of steam in the small . boiler dwindling to 
nothing in five minutes, it, strange to say, increased 
more and more in pressure, while the engine at the 
same time so wonderfully increased in speed and power, 
that even Trevithick had to stop the supply of steam, 
until some check could be placed on its startling power, 
by a vent-hole in the side of the blast-pipe. 

The dimensions of this engine correspond very nearly 
with the locomotive that followed it in Wales, and the 
Dale Company were so satisfied with its performance, 
that they at once commenced " a carriage for. the rail- 
roads.*' 

Unfortunately, there is no further trace of this con- 
templated railroad of 1802 among his papers. 

Trevithick was obliged to leave Coalbrookdale for a 
time to follow up the common road locomotive trials in 
Cornwall, and the construction of the locomotive for 
London, where he and his partners were during the 
early months of 1803; but this did not prevent his 
finding time for other applications of the new steam- 
power. In the beginning of April, 1803, he had put 
to work high-pressure steam-engines in London work- 
ing with steam of 40 lbs. to the inch ; which were 
approved of by the Admiralty, and burnt less coal than 
the Boulton and Watt low-pressure steam vacuum 
engines, that had before driven the same machinery. 

In Derbyshire " they were going on with spirit 
with their engine." It is not clear if this latter was 
also a locomotive, for about that time railways or tram- 
roads were used or proposed at both Coalbrookdale and 
in Derbyshire. 

His neighbours in Cornwall, who scarcely noticed 
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him at home, gave him in London an order for an 
engine, and the autumn of 1802 promised golden fruit, 
for London, Derbyshire, Shropshire, Wales, Cornwall, 
and other places used the high-pressure steam-engines, 
whose applicability to steam locomotion had been 
proved, and some one really talked of giving 10,000/. 
for one-quarter of the patent. 

" Mr. Giddy, " Buistol, ^fay 2nd, 1803. 

" Sir, — I set going an engine in London about four weeks 
since, for boring and turning brass cannon. The cylinder is 
11 inches diameter and 3^-feet stroke; it does the work often 
horses ; it consumed five chaldrons of coal in twenty-one days, 
and works exceedingly well. It works constantly from six in 
the morning until eight at night, and keeps in the tire over 
night. It turns and bores four brass cannon at a time, and 
turns a mill to grind clay at the same time. It requires the 
steam at a pressure of 40 to 45 lbs. to the inch to do its work- 
well, working about twenty-six or twenty-seven strokes per 
minute. It is much admired bv evervone that has seen it, and 
saves a considerable quantity of coal, when compared with a 
Boulton and Watt. We use but thirty gallons of water in the 
hour. 

" I was sent for to explain the engine at the Admiralty OflSce. 
They sent to inspect it, and say they are about to erect several 
for their purposes, and that no other shall be used in the Go- 
vernment service. An engine worked in the place in which this 
now stands ; it was taken down for this to be put up in its place. 
The proprietor of the gun factory has one other now at work, 
and has given an order for one more from me, and will take 
down the other. He was so satisfied with the engine that he 
paid for it the second day it was at work. There has been no 
further trial at the Dale. They are going on with spirit at 
Derbyshire about their engine. The coach-engine did not 
arrive in London until last Wednesday. The coach is ready to 
fix to the engine. I exjiect we shall be ready to start in about 
a fortnight We worked the engine before we sent it from home ; 
it was |)erfectly tight, and gave double as much steam as we 
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wanted, without blowing, and the chimney was but 2 feet high. 

It worked fifty strokes per minute with 30 lbs. of steam to the 

inch. The cylinder was 5^ inches diameter, 2i-feet stroke; 

much more power than we shall want. I will Mrrite again soon. 

I have a prospect before me of doing exceedingly well. I tell 

you, as a friend, that I have sold to a gentleman of this place, 

one-quarter part of the patent for 10,000Z. ; but this must 

remain a secret. Mr. Williams, Mr. Robert Fox, Mr. Gould, 

and Captain William Davey were here, and much liked the 

engine ; they gave me an order for one for Cornwall as a 

specimen. I was at Tread rea the day before I left home, but 

did not find you. 

" I remain. Sir, 

** Your humble servant, 

" ElCHARD TrEVITHICK." 

The engine of the steam-carriage of 1803 was made 
in Cornwall ; and it used the steam-blast, for without it 
a chimney of only 2^ feet high would not have caused 
suflBcient draught ; and, moreover, the bellows tried in 
the Camborne locomotive was no longer used. 

Having given a few months to the successful experi- 
ments with the London common road engine, and to the 
erection of high-pressure engines, in rivalry with Watt's 
low-pressure steam vacuum engines,* he was, in October, 
1803, busily engaged in constructing at Penydarran, 
in South Wales, a tramway locomotive, to run on rails 
not exceeding an elevation of 1 in 50, and of con- 
siderable length. 

•* Mr, Giddy, " Pknydarran, I5th Ftbruary, 1801. 

** Sir, — Last Saturday we lighted the fire in the tram- 
waggon, and worked it without the wheels to try the engine. 
On Monday we put it on the tramroad. It worked very well, 
and ran up hill and down with great ease, and was very manage- 

' I/ctter, Octoljcr Ist, 1803, chap. xx. 



160 TRAM AND KAILWAY LOCOMOTIVES. 

able. We had plenty of steam and power. I expect to work 
it again to-raorrow. Mr. Homfray and the gentleman I men- 
tioned in my last, will be home to-morrow. The bet will not be 
determined until the middle of next week, at which time I shall 
be very happy to see you. 

*' I am, Sir, 

** Your humble servant, 

" Richard Trevithick." 

The first tramroad locomotive in Wales worked in 
the month of February, 1804, running with facility up 
and down inclines of 1 in 50, and having a full supply 
of steam and power. ^ 

" Mb. Giddy, " Tenydarran, Fthmary 20th, 1801. 

" Sir, — The tram-waggon has been at work several times. 
It works exceedingly well, and is much more manageable than 
horses. We have not tried to draw more than 10 tons at a 
time, but I doubt not we could draw 40 tons at a time very 
well ; 10 tons stand no chance at all with it. We have been 
but two miles on the road and back again, and shall not go 
farther until Mr. Homfray comes home. He is to dine at home 
to-day, and the engine goes down to meet him. The engineer 
from the Government is with him. 

** The engine, with water included, is about 5 tons. It runs 
up the tramroad of 2 inches in a yard forty strokes per minute 
with the empty waggons. The engine moves forward 9 feet at 
every stroke. The public are much taken up with it. The bet 
of 500 guineas will be decided about the end of this week. 
Your presence would give me more satisfaction than you can 
conceive, and I doubt not you will be fully repaid for the toil 
of the journey by a sight of the engine. 

^ The steam that is discharged from the engine is turned up 
the chimney about 3 feet above the fire, and when the engine 
works forty strokes per minute, 4^feet stroke, 8 J inches dia- 
meter of cylinder, not the smallest particle of stenm appears out 
of the top of the chimney, though it is but 8 feet alcove where 
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the steam is delivered into it, neither at a distance from it is 
steam or water found. I think it is made a fixed air by the heat 
of this chimney. The fire burns much better when the steam 
goes up the chimney than when the engine is idle. I intend to 
make a smaller engine for the road, as this has much more 
power than is wanted here. This engine is to work a hammer. 

" The engineer from London will try a great many experi- 
ments with these engines, as that is his sole business here, and 
that is my reason for so much wishing you here. He intends 
to try the strength of the boiler by a force-pump, and has seat 
down orders to get long steam-gauges and force-pumps ready 
for that purpose. 

" We shall continue our journey on the road to-day with the 
engine, until we meet Mr. Homfray and the London engineer, 
and intend to take the horses out of the coach, fasten it to the 
engine, and draw them home. The other end of the road is 
.9J miles from here. The coach-axles are the same length as 
the engine-axles, so the coach will run very easily on the tram- 
road. 

** There have been several experiments made by Mr. Homfray 
and tliis engineer in London, lately, on these engines. I am 
very much obliged to you for your offer to assist in making out 
a publication of the duty and advantages of those engines. As 
soon as I can get proper specimens at work, and you as an eye- 
witness of their performance, I shall value your kind offer and 
assistance far beyond any other to be got, as you have been 
consulted, and have assisted me from the beginning. 

" I am, Sir, 

*• Your very humble servant, • 

" Richard Trevithick." 

" Mr. Giddy " I*knydakbAn, Fthriuiry 22nd, 1804. 

" Sir, — Yesterday we proceeded on our journey with the 
engine ; we carried 10 tons of iron, five waggons, and seventy men 
riding on them the whole of the journey. It is above nine miles, 
which we performed in four hours and five minutes. We had to 
cut down some trees and remove some large rocks out of the 

VOL. I. M 
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road. The engine, while working, went nearly five miles per 
hour ; no water was put into the boiler from the time we started 
until we arrived at our journey's end. The coal consumed was 
2 cwt. On our return home, about four miles from the shipping- 
place of the iron, one of the small bolts that fastened the axle 
to the boiler broke, and all the water ran out of the boiler, 
which prevented the return of the engine until this evening. 
The gentleman that bet 500 guineas against it rode the whole 
of the journey with us, and is satisfied that he has lost the bet. 
\ye shall continue to work on the road, and shall take 40 tons 
the next journey. 

" The public until now called me a scheming fellow, but now 
their tone is much altered. An engine is oi^dered for the West 
India Docks, to travel itself from ship to ship, to unload and 
to take up the goods to the upper floors of the storehouses by 
the crane, and in case of fire to force water on the storehouses. 
The fire is to be kept constantly burning in the engine, so as to 
be ready at all times. 

** Boulton and Watt have strained every nerve to get a Bill 
in the House to stop these engines, saying the lives of the public 
are endangere<l by them, and I have no doubt tliey would have 
carried their point if Mr. Homfray had not gone to London to 
prevent it ; in consequence of which an engineer from Woolwich 
was ordered down, and one from the Admiralty Ofiice, to inspect 
and make trial of the strength of the materials, and to prove 
that the steam-gauges will admit steam through them in case 
the steam-valve should be fastened down. They are not to come 
until everything is complete for those experiments. Yoa shall 
know of our future experiments as fast as we get on with them. 

" Your humble servant, 

** Richard Trevithick." 

Before a week had passed, from the first getting-up 
of steam, this pioneer of railway-engines had run several 
times, drawing a load of 10 tons, and was more con- 
trollable than hoi'ses. Only two miles of road were to 
be run over during the first trials, but within the week 
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the engine ran a distance of 9| miles. The horses were 
removed from Mr. Homfray's common road coach, the 
wheels of which were of the same gauge as the tram- 
way, and it was drawn by the engine, together with 
Mr. Homfray and his companion, a Government engi- 
neer, brought down for the purpose of examining and 
testing Trevithick's engines. This was a practical proof 
of how street tramway engines could be made to draw 
by steam ordinary road carriages. 

The engine in working order weighed about 5 tons ; 
its cylinder was 8J inches in diameter, with a stroke 
of 4^ feet. It took empty waggons up an incline of 
2 inches in a yard, at forty strokes a minute, progress- 
ing 9 feet at each stroke; in other words, it took its 
load up an incline of 1 in 1 8 at the rate of four miles 
an hour. 

Trevithick's own words solve the blast-pipe riddle : — 
" The steam that is discharged from the engine is turned 
up the chimney, about three feet above the fire. The fire 
bums much better when the steam goes up the chimney 
than when the engine is idle." 

It was something like engineering, that within a week 
of first putting fire in a newly-designed engine for a 
novel purpose, it took in the morning its luggage-train 
work up an incline believed by many to be dangerously 
unmanageable even now, after seventy years of experi- 
ence, and was prepared for its evening passenger-train 
work, to bring home the ironmaster and his friend, 
snugly riding in an ordinary horse-carriage. 

Trevithick was anxious that Mr. Davies Gilbert should 
be near him to observe the drift of events, for he knew 
the London engineer had been experimenting with 
his high-pressure engines then at work in London, in 
competition with Watt ; and he also hoped that Davies 

M 2 
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Gilbert would make public a report on the advantages 
of the new principle of working without a vacuum, and 
state what he had seen at Penydarran. 

Immediately after writing a long letter, giving clear 
and important facts, during the din and hurry of pre- 
paring the tramroad-engine for her first long run, a 
start was made from Penydarran for the Basin, 9| miles 
distant. Five waggons* were attached to the engine, 
loaded with 10 tons of iron and seventy men. Four 
hours and five minutes were required for the journey, 
though the engine went at the rate of five miles an 
hour, but was obliged to stop frequently that trees 
might be cut down and rocks removed that blocked the 
roadway. How different to the well-prepared level 
railway on the Liverpool and Manchester line, on 
which the much-talked-of locomotives ran a quarter of 
a century later ! 

The gentleman who bet 500 guineas that the engine 
would not draw 10 tons of iron over the distance, rode 
with Trevithick, and admitted the fact. The seventy 
men and tools taken at 7 tons, made a net load of 
17 tons; and, including the five waggons, a gross load 
of 25 tons. Durii)g the journey, 2 cwt. of coal were 
consumed, and Trevithick believed, from that day*s 
experience, that he could take a load of 40 tons. 

On the return journey, when four miles had been 
passed, one of the bolts fastening the axle-boxes to the 
boiler broke, the water and steam escaped through the 
hole, and caused the engine to stop for repairs. 

This roughly-constructed locomotive performed a 
comparatively long journey with a heavy load, over the 
worst possible road, with sharp curves and inclines, and 

» ISw Trevithick s letter, 2(iih April, 1812, chaii. xviii. 
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frequently breaking tram-plates; yet such, to other 
men, insurmountable difficulties are not so much as 
mentioned in Trevithick's letters. 

The writer worked locomotives on those same tram- 
ways thirty-three years afterwards, in 1837, and it was 
then necessary to send platelayers to jump from the 
waggon-trains to replace broken plates. 

He at the same time renewed a long-idle early loco- 
motive on Trevithick's plan, that had been built at 
Neath Abbey. The double or breeches fire-tube in the 
boiler was removed to make room for thirty small tubes, 
such as were then coming into use for locomotive 
boilers. That all-important part of a locomotive, the 
blast-pij^e, brightening the fire, and increasing the 
supply of steam with greater or less intensity in pro- 
portion to the greater or less amount of work performed, 
and steam puflFs accelerating the draught, was retained 
in its original form and position as used by Trevithick 
in 1804. 

Boulton and Watt still opposed Trevithick's high- 
pressure steam plans on the plea that " the lives of the 
public were endangered," and tried to get an Act of 
Parliament to prevent the construction of any more 
engines on the high-pressure principle. The Govern- 
ment sent engineers from Woolwich and the Admiralty 
to test those engines, both as to the fact of being able 
to work a steam-engine without using the vacuum from 
injection, and also as to the pressure that the boilers 
would safely bear, and the kind of safety-valves or 
safeguards against explosion. 

At that time he was constructing a travelling steam- 
crane and fire-engine for the West India Docks in 
London, to unload ships, convey the merchandise to 
the storehouses, and then lift it to the required floors ; 
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tlie engine was arranged with pump and Lose, and to 
be in stes^m night and day. 

It seems like a dream that such things were done 
uearlv thnxMiuarters of a century ago ; for though we 
now have ste;mi-cranes, and steam fire-engines, and 
nulwiws into dix^ks, we have not yet so mastered the 
detail as to ciMubine the three operations in one engine. 

m y[^ Giddy " I*enydabban, March 4M, 1804. 

** Sir, — Wo have tried the carriage with 25 tons of ii«i, 
and found that we were more than a match for that weight. 
NVe are uow preparing to get the materials ready for the experi- 
ments by the London engineers, who are to be here on Sunday 
next. We have fixed up 28 feet of 18-inch pumps for the 
engine to lift water ; these engineers particularly requested that 
they might have a given weight lifted, so as to be able to cal- 
culate the real duty done by a bushel of coal. 

" The waggon-engine is to lift this water, then go by itself 
from the pump and work a hammer, then to wind coal, and 
lastly to go the journey on the road with iron. We shall have 
all the work ready for them by the end of the week. They 
intend to stay here about seven or eight days, and as the report 
that they will make on their return will be the standing or the 
condemning those engines, it is my reason for so anxiously 
requesting your presence. As they intend to make trial of the 
duty performed by the coal consumed, they will state it as 
against the duty performed by Boulton's great engines, which did 
upwards of twenty-five millions, when their 20-inch cylinders, 
after being put in the best order possible, did not exceed 
ten millions. 

^'As you were consulted on all those trials of Boulton's 
engines your presence would have great weight witli those gents, 
otherwise I shall not have fair play. Let me meet them on fair 
grounds, and I will soon convince them of the superiority of 
the * presstAre-o/'Steam enffines* 

''The steam is delivered into tlie cliimney above the damper; 
when the damper is shut the steam makes its appearance at 
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the top of the chimney ; but when open none can be seen. It 
makes the draught much stronger by going up the chimney ; no 
flame appears. The coal here has but very little bitumen in it, 
therefore but very little smoke comes from it. We never tried 
a torch at the top of the chimney. 

"Perhaps there may never be such an opportunity when 
your assistance in those experiments will be of so great a 
benefit to me as at this time, therefore I hope you will forgive 
me for again requesting your attendance on a business that may 
be of such consequence to me. 

" I remain, Sir, 

" Your very humble servant, 

" Richard Trevithick." 

The chimney-damper formed a fixed part of this loco- 
motive. There was also a cock for regulating the blast 
and for heating the feed-water by the waste steam. 
These three things have exercised the genius of engi- 
neers to the present day, and they have not improved 
on Trevithick's ignored plans of 1804. The engine- 
driver of to-day removes a temporary damper-plate from 
the top of the chimney, while Trevithick had it under 
mechanical control ; the same may be said of regulating 
blast and feed warming. 

Within three weeks from lighting the first fire in 
the boiler, the Welsh tram-engine had drawn 25 tons of 
iron, net load. An upright column, 28 feet high, of 
18-inch pumps, had been erected to test the power 
exerted by the engine and the coal consumed in raising 
a known quantity of water, or rather to discover how 
much water could be lifted a fixed height by the con- 
sumption of a bushel of coal. The reader must bear in 
mind that a bushel of coal was a misunderstood term : 
Trevithick's bushel was 8 4 lbs.. Watt's bushel seems to 
have been 112 lbs. 
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Trevitliick, who was not apt to fear, had an instinc- 
tive dread of those London gentlemen. His was a 
SDQiall engine, and small engines never did such good 
duty as larger engines. "Let me meet them on fair 
grounds, and I will soon convince them of the superiority 
of the pressure-of'Steam engines'' 

The unreasonableness of the requirements of the 
Government engineers proves their ignorance of prac- 
tical engineering, and almost shows an influence from 
Soho, judging from the following report by Trevi- 
thick : — " Tlie waggon-engine is to lift this water in 
the pipes, then go by itself from the pump and work a 
hammer, then to wind coal, and lastly to go the journey 
on the road with a load of iron." By the end of the 
week everything would be in readiness, and they thought 
of keeping the engine under those various tests for 
seven or eight days. 

The blast-pipe continued to act well. " The steam is 
delivered into the chimney above the damper ; it makes 
the draught much stronger by going up the chimney." 

Mr. Davies Gilbert, who was prepared to stand by the 
man of genius in this contest with men in authority, 
left Oxford for Penydarran to be present at the experi- 
ments, but meanwhile his friend had written that an 
accident had made it impossible for Mr. Homfray to 
receive his friends from London, and the official tests 
were therefore deferred. 

** Mr. Giddy, " Penydahkan, March Wi, 1804. 

" Sir, — I am sorry to inform you that the experiments 
that were to be exhibited before the London gents are put off 
on account of an accident which happened to Mr. Homfray on 
Tuesclay last. His horse ran away with the gig, and threw him 
out, hurt his face, sprained liis ankle, and dislocated his arm at 
the elbow. The experiments will go on as usual ; ever}'thing 
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is nearly ready. If you come now you will not have Mr. Horn- 
fray's company or that of the London gentlemen. Perhaps it 
will be a month before they come down, and they are the 
persons I wish you to see. 

" I hope you will come this way before you go to Cornwall, as 
we can go through the experiments at any time. I find myself 
much disappointed on account of the accident, for I was very 
desirous to make the engine go through its different work, that 
its effect might be published as early as possible. I should be 
very happy to see any gentlelnan you may recommend this way 
for information, as the more public it is made the sooner the 
engines will circulate. 

" We have not made any experiments since I last wrote. I 
received a letter from home this morning saying they had seen 
the steam-carriage in the newspapers, but did not believe it to 
be truth. 

** Wheal Prosper is condemned ; Binner Downs is under water, 
but was never so good as when it stopped. We are removing 
Wheal Treasury great engine there. 

" I cannot see any release for me from this place soon ; and 
intend to go down almost immediately to Cornwall, and bring 
up my family to spend the next summer here. 

" I am. Sir, 

" Your very humble servant^ 
"Richard Trevithick." 

** This letter did not reach Oxford till after I had proceeded 
to Penydarrau. I believe it was never opened till January, 
1824.— D. G." 

Had Trevithick carried out his wish to remove his 
family from Cornwall to Wales, that he might give 
more attention to the locomotive, this country might 
have had the benefit of railways and locomotives twenty 
years earlier. 

Mr. Homfray thought of becoming a partner in 
Trevi thick's patent, and both of them were at that time 
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full of the wish to extend the general application of 
the high-pressure steam-engine, causing the partial 
neglect of the locomotive. 

** Dear Sir, " Penydabban Place, lO^A Jtdy, 1804. 

'^ I dare say you will think me remiss in not answering 
your first letter, enclosing one for Mr. Trevithick. In a day or 
two after I received it I went up to Staffordshire (and likewise 
Trevithick), and have only returned yesterday, and find your 
favour of 3rd ; both letters I thank you for, and shall at all times 
be happy to show you or your friends civility at this place. 

" Our engine is at work at the rolls, and goes on very well. 
It has rolled this last fortnight upwards of 200 tons of iron, 
from the balls to the rough bars, which is as much b» it was 
first ex{)ected, and I hope it will continue improving. It does 
much more than our old engine of 32-inch diameter cylinder 
and this is only 28-inch, same stroke. Trevithick went down 
the tramroad twic^ since you left us, with 10 tons each time, 
and though he took his load down, Mr. Hill does not yet allow 
the 500 guineas, because he did not return again with the 
empty trams in the same time the horses usually do, and this was 
owing to tlie little forcing pump not being quite right to feed 
the boiler, and he was obliged to wait and fill with cold water ; 
but this little defect is easily cured, and no doubt but Mr. Hill 
will be satisfied ; but Trevithick would not stay here for the 
present to make another journey, so that it stands over till his 
return. He is now, I believe, at the Dale, and will not expect 
to be here this month again. 

•* Lord Dudley's engine for winding coal is got to work, as 
well as one at Worcester, for a glover there, which will be 
applied to various purposes, and show what the engine can do. 
I beg leave to congratulate you on the honour of a seat in 
Parliament. Mrs. Homfray and my niece Eliza join me in 
respectful compliments. 

" I am, dear Sir, 

'* Your obedient servant, 

" Sahl. Uomfkay. 

•* Da VIES CflDDY, Ewj.** 
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This letter of the 10th July draws attention to 
one written by Davies Gilbert on the 3rd, thanking 
Mr. Homfray for his hospitality; and during the 
interval the locomotive had gone two journeys over 
the tramway, with its net load of 10 tons of iron. It 
commenced work in the early part of February, and 
continued at work therefore at least five months, and 
was then in good working order, with the exception of 
a small bolt to be repaired. 

After putting to work a high-pressure whim-engine 
for Lord Dudley,, in Stafibrdshire, a small engine in 
Worcester, and a winding engine at Stourbridge, he 
paid a flying visit to Coalbrookdale, and then to 
Newcastle-upon-Tyne, to work his locomotive, and 
while on the journey wrote to Davies Gilbert. 

" The tram-engine has carried two loads of 10 tons of iron to 
the shipping place since you left this. Mr. Hill says he will 
not pay the bet, because there were some of the tram-plates in 
the tunnel removed, so as to get the road into the middle of the 
arch. 

" The first objection he started was that one man should go 
with the engine without any assistance, which I performed 
myself without help ; and now his objection is that the road is 
not in the same place as when the bet was made. I expect 
Mr. Ilomfray will be forced to take steps that will oblige him 
to pay. 

** As soon as I return from here there will be another trial, 
and some person will be called to testify its effects, and then I 
expect there will be a lawsuit immediately. The travelling 
engine is now working a hammer." * 

Trevithick was not like other men. He was alone 
at various places erecting and working differently- 
designed engines suitable to the numerous requirements 



* Sec letter, 5th July, 1801, chap. xx. 
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lie readily engaged to fulfil. Who constructed the 
engines ? who made the neces8ary drawings ? who kept 
uowly-designed machines in daily work, with steiim 
of 100 lbs: to the inch, more or less? are questions the 
answer to which is lost in the lapse of a comparatively 
few vears. It is evident that numerous manufacturers 
and engineers, from Watt downwards, were fully ac- 
quainted with those events, and that the latter not only 
disapproved of the new engine, but actively opi)osed its 
use. It may be almost said that every engineer of the 
time knew of them ; yet no one seems to have recorded 
them, except Trevithick, who never dreamt of being an 
historian. 

While at Coalbrookdale, in 1804, he wrote to his 
friend:* — 

** At Newcastle I found four engines at work, and four more 
nearly ready. Six of these were for winding coal, one for lifting 
water, and one grinding com; the latter, an 11-inch cylinder, 
driving two pair of 5-feet stones. Below I send you a copy of 
Mr. Uoni fray's and Mr. Wood's letters." 

Some of these engines were prbbably for the Gates- 
head Iron Works of Messrs. Hawks and Crawshay. The 
latter, I believe, was a brother of the Mr. Crawshay in 
the Welsh Iron Works. Every move of Trevithick and 
his engines in Wales was therefore known to the coal- 
works proprietors and engineers of Newcastle. 

Mr. Wood says : — " An engine of this kind was sent 
to the North, for Mr. Blackett, of Wylam, but was, for 
some cause or other, never used upon his railroad, 
hut applied to blow a cupola, at an iron foundry in 
Newcastle."^ 

» Stt- htUr, *J3nl SoptoiiilMT, 1S(»J, chan. xvii., p. 3S5. 
* Wuod * ( >n Kailruuls,' p. ISO ; published 1S25. 
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On the 10th January, 1805,^ having left Newcastle, 
he wrote from Soho Foundry, Manchester : — 

" I shall go to Newcastle-on-Tyne in about four weeks. By 
that time the little engine will be sent to London for the coal- 
ships. A great number of my engines are now making in 
different parts of the kingdom. There are three foundries here 
making them. I expect there are some of the travelling 
engines at work at Newcastle. As soon as I get there I will 
write to you. This day I received a letter from Jane — sad 
lamentation on account of my absence. I am obliged to promise 
to return immediately, but shall not be able to fulfil it at this 
moment. I should be wrong to quit this business, as there are 
now seventeen or eighteen foundries going on with those engines, 
and unless I am among them the business will fall to the ground, 
and after such pains as I have taken I am very sorry to quit it 
until I get it established.*' 

Having been at Newcastle in September, 1804, to 
arrange, amongst many other things, for supplying 
the Wylam Railway with a locomotive, he counted on 
being there again in February or March, 1805, to see 
'* soine of the travelling engines at work." 

Numerous small high-pressure engines were being 
constructed in seventeen or eighteen different manu- 
factories; and in May, 1805, one of the Newcastle 
travelling engines was ready for its work on the 
railway. 

Mr. Wilson, well known at Newcastle-on-Tync, has 
well described it in the following Memorandum, to be 
seen at the South Kensington Patent Museum : — 

** Memorandum, May Isi, 1805. (Copy from B. Wh Memo- 
randums on Steam-Engines.) — I saw an engine this day upon a 
new plan : it is to draw tliree waggons of coal upon the Wylam 
waggon-way ; the road is nearly level. The engine is to travel 

* LctUr of Trevitliick, lUth January, 1805, chap, xv., p. ,'J*J5. 
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with the waggona Each waggon with the coal weighs abont 
3^ tons, and the engine weighs 4^ tons. The engine is to work 
without a vacuum. The cylinder is 7 inches in diameter, 3-feet 
stroke, and is placed inside the boiler, and the fire is inside also. 
The speed they expect to travel at is four miles per hour. — 
BoBEBT Wilson." 

Mr. Wilson, an experienced mechanic, called this 
high-pressure engine in 1805 an engine on a new plan, 
working without a vacuum ; not knowing that wimilar 
engines had been at work for six or seven years. 

Having traced the construction of common road, 
tram, and railway engines up to the year 1805, mainly 
from Trevithick*8 letters, it may be necessary to sub- 
Btantiate the facts by disinterested evidence. 

^ F. TbEVITHICK, Esq., " Tkedegar Works, May 15/A, 1854. 

" Dear Sir, — I received your letter of last month, and 
should have answered it sooner, but as yet have not been able 
to go over to Merthyr to see the men that worked for your late 
father. I had found out the engine-driver; but my son has 
found out one of the men who put the locomotive engine 
together, and he believes he shall bo able to make a sketch 
from their description. It was my father that was at Peny- 
darran when the emgine was made and tried. It made three 
journeys to the Basin, nine miles below Merthyr, and in coming 
up the third journey it broke both axles ; the road being only 
common tramroad-plates 3 feet long. The men say it would 
have done its work well on a good road. 

** The engine had one cylinder 8 inches in diameter and 
2-feet stroke ; a wronght^iron boiler, with a tube thus, U ; the 
side rods connected to the wheels ; and as side coupling rods 
were not thought of then, it had cog-wheels connecting front 
and hind axles. To pass the centres it had a fly-wheel. 
Weight of engine about 7 tons, on four wheels. You shall 
hear from me as soon as I can obtain all tlie information I 
require. 
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" The engines you saw at Tredegar were made by me. We 
had the original from Stephenson, Newcastle, about 1829 ; but 
it had the old tube, the same as marked on the other side. I 
believe I am the first that turned the steam into the chimney, 
never thinking it would give me any advantage in getting up 
steam. It was done to prevent frightening the horses, as we 
had a turnpike-road fourteen miles by the side of our railway. 
You may rely on my getting all the information I possibly can, as 
my informants are, one seventy and the other seventy-six years 
old. No time should be lost. 

" Dear Sir, yours truly, 

'* Thos. Ellis, Sen." 

** Dear Sib, " Tredegar Works, 22nd June, 1854. 

** We have not succeeded well yet with the locomotive. 
The poor old fellow is very feeble ; but we have a part of that 
done also. From what I can understand the engine was made 
in Cornwall, and put together in Merthyr ; and if we can under- 
stand the old man, your father adopted the pipe inside the 
other to warm the water, and also took the steam up the chimney. 
If so, that was done before I saw the light. Trusting I shall 
send you the required information, 

" Dear Sir, yours truly, 

"Thos. Ellis. 

** F. Trevithick, P^sq." 

Mr. Ellis then published a drawing of the Welsh 
locomotive, with the following particulars : — 

" Trevithick 's high-pressure trcm-engine, so designated in the 
original plan, dated 1803, was constructed partly in Cornwall 
and partly at Penydarran Works, by Richard Trevithick, Esq., 
engineer, for Samuel Homfray, Esq., proprietor of the Peny- 
darran Iron Works, Jlcrthyr Tydfil, who, while discussing the 
principles and feasibility of locomotive steam-engine power with 
Kichard Crawshay, Esq., of the Cyfartha Iron Works, made a bet 
of 1000 guineas that he would ccmvey by steam-power a load of 
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iron from his works to the Navigation Honse (nine miles distant) 
along the Basin tramroad, which he effected by means of this 
engine, and won his wager, although the heavy gradients, sharp 
curres, and frangible nature of the cast-iron trackway operated 
against the return of this ingenious though rudely-constructed 
machine with the empty trains — hence its discontinuance. As 
may bo perceived, the exhausted steam discharged iflto the 
stack and the wheels combined ; thus to Treviihick is the cre<lit 
due for the application of those two principles to locomotive 
engines. 

" Rces Jones, who aided in the fitting, and William Richanls, 
its driver, are still alive ; the former, when shown the plan, 
instantly identified it; and the latter, now in his eighty-fifth 
year, has worked no other than Treviihick 8 Iwjlt-pre^sure engine. 
To this day portions of the old engine exist in the one he 
now works at Penydarran, and during a period extending far 
beyond half a century, never having had an accident with his 
boiler. 

** Tugs. Ellis, Engineer, 

" Tyjnaur Parity PrM; Glamotyafishire,^ 

Mr. Menelaus also supplied a drawing of the Welsh 
locomotive, made by Mr. Llewellyn. 

** DeaU Sir, " OI'ANwkrn, Postypool, 24M Novemhtr^ 1855. 

"1 regret that I should have forgotten to send you 
the drawing of the old locomotive engine which you asked me 
for some time ago. 1 have had a pretty long search for it, but 
succeeded in finding it at last. I observe that nothing is 
mentioned upon it of its beiug the engine constructed by Trevi- 
ihick ; but inasmuch as I am aware that my uncle was engaged 
with him at Merthyr in the trial made there on the old naviga- 
tion tramway, and have an imj)re8siou of hearing my uncle say 
that it was a rough draft of the original engine, I think there is 
very little doubt upon the subject. It was drawn by my uncle 
(very roughly you will see) in the year 1803, which was about 
the time Trevithick was at Merthyr. You will perhaps be kind 
enough to get tlie parties you send the sketch to, to return it 
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when done with. I should tell you that I shall send the draw- 
ing in another enclosure. 

" Dear Sir, yours very truly, 

"William Llewellyn. 

" W. Menelaus, Esq. 

"N.B. — The cylinder was 4| inches diameter, and 3-feet 
stroke." 

* Engineering' for the 27th March, 1868, has the 
following : — 

"Trevithick was the real inventor of the locomotive. He 
was the first to prove the sufficiency of the adhesion of the 
wheels to the rails for all purposes of traction on lines of 
ordinary gradient, the first to make the return flue boiler, the 
first to use the steam-jet in the chimney, and the first to couple 
all the wheels of the engine. 

" One of his pupils, John Eoe, was not long ago living, and 
he supplied a correspondent to our pages with many of the 
particulars of the old engine, as did also Rees Jones, who, at the 
age of twenty-one, worked on it. The engine made one or more 
tri|)8 from Penydarran to Navigation, but broke a large number 
of the cast-iron tramway-plates with which the line was laid. 
After this it worked for two or three years between the blast- 
furnaces and forges at Homfray's works at Penydarran." 

The ' Mining Journal,' Oct. 2nd, 1858 :— 

" Rees Jones, engine-fitter, Penydarran, says : — Dowlais, Sept 9, 
1858. — I am now eighty-two years old. I came to Penydarran 
on April Ist, 1794. I was then eighteen years of age. I have 
been in the employ of the Penydarran Iron Company ever 
since. I am still able to do a little. I am in the works every 
day. About the year 1800 Mr. Trevithick came to Penydarran 
to erect a forge-engine for the company. I was at this time 
overlooking the engines at Penydarran. I assisted Mr. Trevi- 
thick in the erection of the forge-engine. When this engine 
was finished Mr. Trevithick commenced the construction of a 
locomotive. Most, if not all, the work of this locomotive was 
VOL. I. N 
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mwUi hi I^;riyfUiiTan, Ilichard Brown made the boiler and 
ihf} Arnfih'Wr>rk« I did the most of the fitting, and put the 
tmfiUm UtHidht^T. Whoii the engine was finiflhed she was ased 
{(fT hriup^'iu^ down metal from the furnaces to the old forge. 
Mhii worko^l ycry well ; but frequently from her weight broke 
tbo t ram-plat eHy and also the hooks between the trams. After 
working for nomo time in this way, she took a journey of iron 
from Ponydarran down the Basin Bead, upon which road she 
wan itit4)tidod to work. On the journey she broke a great many 
of tlin tfam-plates ; and before reaching the Basin she ran 
olT tho road, and was brought back to Penydarran by horses. 
Ylm cmKino was never used as a locomotive after this ; she was 
UIMhI iiM a Htationary engine, and worked in this way several 
yoarH. 

*' I undorstiKxl the reason for discontinuing using her as a 
locomotive was the weakness of the road. The boiler was mad e 
of wrtnij;fht iron, having a breeches tube also of wrought iron, 
ill which >va8 tho (ire. The pressure of steam used was about 
40 U^ to tho inch. The cylinder was horizontal ; it was fixed 
in tho end of tho Iwiler. The diameter of the cylinder was about 
4 J inoh«>p^ Tho three-^-ay cock was used as a valve. The engine 
i^id fi^ur wh^vk These wheels were smooth ; they were coupled 
l^y ^>v^^ '*****'*' There was no rack- work on the road; the 
^^^11^ jxr^^^rt^sAHl simply by the adhesion of the wheels. The 
»h>4im tVx^in tho cylinder was discliarged into the stack. This 
M^ilviiioiit was made in the presence of the nndersigned. 

**W. Mbnelaus. 
" G. Martin. 
" W. Jenkins." 
Mr. Menelaus says : — 

.•„ "linTil'^^'^l.P^'^'™'*' ***^°*'^" ^ *^« f««t tl»«t Trevithick 

«l- * !? '?*"^^ ^'"^^^ **^* «°»°«tfa wheels would Lave 

raffiaent adhesion to propel a load ; that he had hit upon the plan 

t^tj ?* "^M^' '' ""^^ ^^' ^' dischaiged theC^ste steam 
Tckin!^' ^"'" "^*''*' '^' 'y^ - *»>«» ased by Trevi- 

twentv vi» r^"^^ '"^"^ "^ successfully for locmotivcs 
twenty years after his invention." 
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A boiler-plate in the Kensington Patent Museum 
has the following written on it : — 

"Piece of S. Homfray's engine that took the load of iron to 
Navigation House for the lOOOZ. bet — Trevithiek, builder, and 
with two cylinders. The history of our getting it : — After taking 
the iron down it was made into a small planishing-hammer engine 
at Penydarran ; brought into the Forest by Mr. Protheroe thirty 
years ago to sink pits at Castle-rag Colliery; from these to 
Protheroe's lower pits, and sank them ; then to Link's Delight 
for our old company, and we pulled it down and cut a piece 
out for you. This is as I copied it from old Broad, our 
manager. 

*' Henry Crawshay, March Uih, 1850." 

Rees' * Cyclopaedia' of 1819 says : — 

** The application of steam-engines to driving of carriages. — 
These are now called locomotive engines, and we may date their 
introduction with the patent of Messrs. Trevithiek and Vivian 
in 1802. 

" Mr. Trevithiek made a locomotive engine in South Wales 
in 1804, which was tried upon the railroads at Merthyr Tydfil. 
The engine was the same as that of* which we have given an 
account of its work in speaking of the high-pressure engine, 
having an 8-inch cylinder and a 4 feet 6 inch stroke. It drew 
after it upon the railroad as many carriages as carried 10 tons of 
bar-iron, for a distance of nine miles ; and it performed all that 
distance without any further supply of water than that contained 
in the boiler at setting out, travelling at the rate of five miles 
per hour. 

" The boiler of cast iron, of a cylindrical form, 6 feet long, 
and 4 feet 3 inches in diameter, the fire-place being withinside. 
The cylindrical boiler was mounted horizontally upon four 
wheels, and the cylinder of the engine was placed vertically in 
the end of the boiler, having two connecting rods descending 
from the cross-bar of its piston-rods to two cranks upon an axis 
extending beneath the boiler and cylinder, and communicating 
its motion, by means of wheel-work, to the two fore wheels upon 

N 2 



ISO 



TRAM AND llAILWAY LOCOMOTIVES. 



which the engine runs, and by this means the alternate ascend- 
ing and descending motions of the piaton-rotls act to turn round 
the crank and wheels, and draw the carriages forward. In this 
way no fly-wheel was necessary, becaose the momentum of the 
carriage to advance itself forward on the road continued 
the motion of tlio wheels and cranks sufficiently to make the 
oranks pass the lines of the centre." 

Mr. Crawahay, wlio had good means of learning tlie 
facta, savs the boiler was of wrought iron, and there 
were two c_vlinder*i. 

Rees' ' ('vclopa;<lia' makes the boiler of cast iron and 
the cylindor vertical. The old Welshmen speak of a 
wrought-iron boiler, though their drawing rather indi- 
cates u cast-iron outer casing, with wrought-iron tube, 
and the steam-cylinder to have been horizontal. 

They all agree on the blast-pipe, which the writer 
has not shown in the drawing, neither the feed-pump, 
or water -heating iipi>iiratus, bocaiiso tlicy are not 
given in the original Welsh 
drawing. Tlio position of 
the feed-pump, feed-heating 
pipe, and blast-pipe, may 
be readily discovered by a 
reference to the patent draw- 
ing of 1802. 

The following particulars 
aro taken from Trcvithick's 
letters where other evi- 
dences are conflicting. It 
is probable that more than 
one trnmroad - engine was 
constructed in Wales at that 
time. 

Kight yeitrx at)er thuise 
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events Trevithick wrote the following recollections of 
them : — 

" About six years since I tumeJ my tliought^ to tliia subject, 
itnd made a travtilliug steam-cngint; at my own exj^ense, to try 
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the experiment. I elmined four waggons to the engine, each 
loaded with 2^ tons of iron, besides seventy men riding in the 
waggons, making altogether about 25 tons, and drew it on the 
road from Merthyr to the Quaker's Yard, in South Wales, a 
distance of 9| miles, at the rate of four miles per hour, without 
the assistance of either man or beast ; and then without the load 
drove the engine on the road sixteen miles per hour. I thought 
this experiment showed to the public quite enough to recom- 
mend it to general use ; but though a thing that promised to be 
of so much consequence, has so far remained buried, which dis- 
courages me from again trying its practice at my own expense."' 

We have no account of the railway work done by 
the Coalbrookdalo travelling engine of 1802. The 
Welsh tramroad - engine of 1803 took a gross load of 
25 tons, at the rate of four miles an hour, over a bad 
road, with sharp curves and stiff inclines, and without 
load ran at a speed of sixteen miles an hour. 

The Newcastle locomotive of 1804 was, in general 
outline, similar to the Welsh locomotive, but in detail 
superior. The wheels were to run on rails instead of 
tram-plates, and were 9 inches farther apart than the 
Welsh locomotive, giving increased steadiness. The 
boiler and return tube were wholly of wrought iron ; 
the fire-door and chimney were at one end of the boiler, 
and the cylinder and guide-rods at the other end, 
giving more room to the engineman than on the 
Welsh locomotive, which had all those things at one 
end of the boiler. 

The cvlindor of the Newcastle locomotive was of the 
same size as the Coalbrookdalo engine of 1802, being 
7 inches in diameter, with a 3-fcet stroke, and therefore 
was probably made at Coalbrookdalo, from Trevithick's 
drawings and patterns of 1802, with its regulating blast- 
pipe and steam of from 60 to 145 lbs. on the square inch. 

' See Tri'vithick'H UtUr, 26th April, 1812, chap, xviii. 
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The first Newcastle locomotive is thus mentioned : — 

" The death of Mr. John Whiiifield, who was concerned in 
the manufacture of some of the earlier locomotives, has revived 
the question as to who was the first to apply the power of steam 
to locomotive purposes; and it has, we think, been well esta- 
blished that the honour is due to Mr. Richard Trevithick of 
Camborne, who, more than fifty years since, ran a locomotive 
through the High Street of his native town, and employed a 
locomotive to draw a load of bar-iron from the Penydarran 
Iron Works to the Basin. An attempt having been made by 
the North-countrymen to prove that John Steel, an employe of 
Mr. Whinfield, was the first inventor of a locomotive, a corre- 
spondent of the * Gateshead Observer ' (in continuation of 
correspondence on the subject) states that — 

** 'Trevi thick's steam-engine was a patent; and Mr. John 
Whinfield, who had a small' foundry in Pipewellgate, and 
whom I well knew, was a sort of agent of his. The plans to 
which you refer, and probably also some portions of the engine, 
may have come from Trevithick ; Steel, an old acquaintance 
of mine, being tlie local engineer. Steel came, I believe, from 
somewhere about Colliery Dikes. He was at one time in 
Wales, where (at Merthyr Tydfil) Trevithick tried his loco- 
motive engine on a tramroad. Whether it was before or after 
"our first engine" was made that Steel went to Wales I 
cannot say. These were the primitive days of steam. The 
appliances and facilities of the present day were then un- 
known. Everj'thing was comparatively rude ; the boiler was 
of cast iron. Well do I remember ** Tommy Waters," who 
had a small foundry on the Pipewellgate slope, behind the 
** Jilue Bell," in Bridge Street, and who was employed, under 
Trevithick's patent, to make a locomotive engine for Mr. 
Blaekett, between forty and fifty years ago. Tommy's steam- 
engines wouldn't always go; and when they were obstinate, 
he would take hohl of the lever of the safety-valve, and de- 
clare, in his desperation, ** that either she or he should go ! " 
Poor Steel ! both he and the engine went in France — as you 
stated in your columns of last week.' " * 

* From the * Mining .Journal/ Satunlay, October 2nd, 1858. 
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Trevithick*8 letters show how readily he taught un- 
trained men in nuruerous small mechanical workshops 
to ajnstruct his engines ; for certainly Tommy Waters' 
locomotive with a cast-iron boiler was a copy, though a 
bad one, of that made by Trevithick in Wales. 



" Locomotive and Carriage Department, 
" FIxoineer's Office, Swindon, 

" My dkau Sir, " loth April, 1870. 

*• 1 am in receipt of your letter as to the engine sent to 
Wilam in 1 804, and liave, as your son has" informed you, a 
driiwing of it, from which I will have a tracing made and sent 
to you. I got this drawing made from a tracing which was lent 
to mo by one of my brothers, who resides in Sunderland, and 
I understood from him that the engine itself was in existence 
up to a few years ago, and that it was driving a fan at a foundry 
oith<»r in NowcAstle or Gateshead ; but in order that I may be 
ftbh* to givo you more accurate information, I will endeavour 
to g(^t the i)articularH of the engine, dates, &c., and will then 
writ(« you agiMu. 

•* I am, my dear Sir, 

" Yours tioily, 

"Joseph Armsthong. 

" F. TuEViTiucK, Kaqr 

** Dear Sir, " Sunderland, 3fay lOM, 1870. 

"By this post I have forwarded a tracing of the old 
locomotive for Mr. Trevithick, and likewise some copies of an 
extract from the 'Gateshead Observer.* They would have 
been sent ere now, but I have had some difficulty in procuring 
an original from which to get a tracing, and have also spent 
time in hunting up this extract, and having it reprinted. 

" Yours trulv, 

"John Armstrong. 

" Pn- John Hemino. 
" J06KFH Armktrono, Kaq., Swiwiott.*' 
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In Plate V., a is a steam-cylinder 7 inches diameter, 
3-feet stroke, fixed in the boiler ; 6, piston-rod ; c, cross- 
head ; rf, guides ; e^ stay ; /, connecting rod ; ^, crank ; 
hj driving axle ; z, fly-wheel ; j\ gear-wheels ; A:, four 
driving wheels, 3 feet 1 inch diameter, 4 feet 8i inches 
from centre to centre ; /, four-way cock ; m, lever for 
working cock ; ?i, plug-rod ; t>, cylindrical wrought-iron 
boiler, 4 feet diameter, 6 feet 6 inches long ; jp, fire- 
grate; qy return fire -tube of wrought iron, 2 feet 

3 inches diameter at the fire-door end, 1 foot diameter 
at the chimney end ; r, chimney ; Sj fire-door ; t, rail- 
way of longitudinal timbers, 3i inches wide, 4i inches 
deep ; w, cross-sleepers, 4i inches wide, 3i inches deep ; 
1 foot li inch apart; gauge between wood rails, 

4 feet 10 inches ; weight of engine in working order, 
4i tons. 

Our First Locomotive. 
From the * OcUeahead Observer,' 

** The engine erected by Mr. Trevithick had one cylinder 
only, with a fly-whe^ to secure a rotatory motion in the crank 
at the end of each stroke. An engine of this kind was sent 
to the North, for Mr. Blackett of Wylam, but was, for some 
cause or other, never used upon his railrojid, but was applied 
to blow a cu{)ola at an iron foundry in Newcastle. — Ntcholaa 
Wood * On Railroads' (tliird edition, page 281). 

" Mr. Blackett was the first colliery owner in the North who 
took an interest in the locomotive engine. He went so far as 
to order one direct from Trevithick, to work his WHggon-way, 
about the year 1811. The engine Ciime down to Newcastle; 
but for some reason or other (perhaps because of the imperfect 
construction of the waggon-way as compared with the weight of 
the engine) it was never put upon the road. Mr. Blackett 
eventually sold it to a Mr. Whinfield, of Gateshead, by whom it 
was employed for many years in blowing the cupola of his iron 
foundry. — Smiles' * Life of Stephenson * (first edition, page 74). 
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** Tho story toltl by Mr. Wood and Mr. Smiles, with some 
little variation in their versions, has been current on the Tyne 
for a number of years ; and it was not till lately that we were 
led to doubt its accuracy. 

" Mr. Kobert Wylie, an iron-founder in the Close, Newcastle, 
having seen a reference, in the 'Gateshead Observer,' to a 
locomotive engine having been sent to Mr. Blackett by Mr. 
Trevithick, and afterwards sold to Mr. Whinfield, called upon 
as with a correction of the statement. He served his appren- 
ticeship with Mr. Whinfield in Pipewellgate, where * Price's 
Glass Works ' now stiind, and remembers the engine. It was 
made prior to his time, but he can positively say, from what 
he learned on the spot, that it did not come from Trevithick, 
or from any other person ; it was manufactured on the pre- 
mises, about the year 1804, by Mr. Whinfield — the engineer of 
the works being John Steel, a man with a wooden leg (sub* 
sequently blown up, by the explosion of an engine in France, 
and killed). So far Mr. Wylie. 

**John TurnbuU, of Eighton Banks, aged 80, whom we* 
afterwards made out, informed us that he, too, served his 
apprenticeship with Mr. Whinfield. He was older than usual 
when he was bound — * turned of 16' — and it was some time 
in the present century before he closed his apprenticeship — 
he could not say when, his memory being now defective ; but 
he perfectly remembered the making of the locomotive engine 
for Mr. Bhiekett. It was all made at his master's. The 
engineer was John Steel, who was regularly employed at 
the works, * and a very clever fellow.' When she was finished, 
a temporary way was laid down in the works, *to let the 
quality see her run.' There were several gentlemen present, 
and she ran backwards and forwards quite well. Mr. Blackett, 
however, did not take her ; — * there was some disagreemency 
between him and the master, and she never left the works, 
but was used in the foundry as a fixed engine, to blow the iron 
down.' He (TurnbuU) left Mr. Whinfield when his time was 
out, and the engine was made long before he left. 

" TunibuU's statement, if correct as to his age, &c., would 
carry back the date of the manufacture of Uie engine beyond 



TRAM AND RAILWAY LOCOMOTIVES. 187 

1804 — which, we have reason to believe, was about the year; 
and we therefore asked him if he could refer us to any other 
living witness. He at once named John Henderson, a fellow- 
apprentice, still working as a founder at Messrs. Hawks and 
Crawshay's, the Gateshead Iron Works. Henderson we found 
at his work — a hale, intelligent man of 70 — with all his facul- 
ties in full vigour. He was unusually young (he said) when he 
went to trade. He could not give the date, but he would be 
about twelve years old. He reraembei-ed the engine. It was 
made at the works long before he was out of his time, when 
he and TumbuU were apprentices together; and John Steel 
was the engineer. 

" Thus, then, we have the evidence of more than one living 
witness, that the engine made for Mr. Blackett, and afterwards 
used as a fixed engine, was not * sent to the North,' but was of 
Gateshead manufacture. 

"We have also other evidence. The plans are still extant. 
They are the property of Mr. Smith, of the Gateshead Park 
Iron Works ( Messrs. Abbot and Co.'s), and have been placed in 
our hands by Mr. Wylie. They comprise : — 1. Well-executed 
perspective views of the engine from various points. 2. 'Draw- 
ing of waggon-engine, October 3, 1804.' 3. *Eegulating and 
throttle cocks for engine. No. 1, September 17, 1804.' She 
had friction (not cogged) wheels, and was driven by spur-gear, 
working with a three-way cock, instead of a slide. 

" Our case, we think, is now complete. It was in Gateshead, 
without doubt, that the first locomotive engine was planned 
and made ; — the date being 1804 — (the year in which Tre- 
vithick was trying his engine in Merthyr Tydfil) — the 
engineer, John Steel, and the manufacturer, John Whinfield. 

" Can any correspondent supply us with facts in corroboration 
or correction of our statements? If so, we shall be much 
obliged by the kindness." 

Gateshead may claim to have had a hand in putting 
together a Newcastle locomotive, and also in hiding 
the ixsefulncss of Trevithick's high-pressure locomotive 
engine, then a reality of fom- or five years' standing; 
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but his foreman, John Steel, who had worked on the 
Welsh locomotive, superintended its erection. The late 
Mrs. Trevithick said " about the time her husband was 
occupied with the engines in Wales, he went several 
times to Newcastle.^ John Steel, whom she found as 
foreman in the workshops in London in 1808, was a 
Newcastle man, with a wooden leg." 

Trevithick's beautifully-designed Newcastle locomo- 
tive was perfectly manageable in Whinfield's small, 
cramped yard, on a temporary railway. The North- 
countrymen came in crowds to examine and see it work 
in the presence " of the quality of Newcastle," probably 
including Mr. Blackett of the Wylam Colliery, for 
whom the locomotive was made, and his agent, Mr. 
Hedley, who five or six years afterwards patented a very 
similar one. Mr. Wood and George Stephenson, with 
Mr. Wilson, the engineer, and Timothy Hackworth, then 
a blacksmith, working for Mr. Blackett, afterwards the 
engineer on the Stockton and Darlington Railway, and 
maker of the * Sanspareil ' locomotive that, a quarter of 
a century later, competed on the Liverpool and Man- 
chester Railway. 

Robert Hawthorne, then residing near Newcastle, 
who had employed George Stephenson as engine-boy at 
Callerton, was also probably one of the lookers-on ; and 
a few years afterwards the two great engineering and 
locomotive-building establishments in Newcastle, known 
as Hawthorne's and Stephenson's, began to grow into 
importance. 

The Newcastle drawing shows that Trevithick had 
made the detail of his locomotive engine fujly known 
to the engineers of Newcastle in 1804, for it illus- 



8ec Trevithick'^ letter, 23rd September, 1804, chap. xvii. 
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trates that sent to Blackett's Wylam waggon-way ; and 
its form and date agree with Mr. Wilson's Memorandum 
of having seen the locomotive at Newcastle, in May, 
1805, when Trevithick paid his second or third visit 
to superintend its use on the railway. Nicholas Wood 
says, " an engine of this kind was sent to the North for 
Mr. Blackett." Had it been constructed in Newcastle, 
he would probably have mentioned it. 

John Henderson, working for Messrs. Hawks and 
Crawshay, at the Gateshead Iron Works, recollected an 
engine. Crawshay, the Welsh ironmaster, and user of 
Trevithick's engines, and Homfray, his friend, also a 
large ironmaster, certainly informed Crawshay of New- 
castle, and Blackett, of all that was doing at Merthyr 
Tydfil. Steel, a Newcastle mechanic, was chosen to 
learn under Trevithick in Wales, that he might become 
an agent in superintending the use of the high-pres- 
sure engine and locomotive in the iron and coal works 
of the North of England. 

The Newcastle locomotive was a smaller but a better 
engine than the one that had worked so well in Wales ; 
its boiler was wholly of wrought iron. The four driving 
wheels were constructed to run on rails in place of tram- 
plates. The cylinder was reduced to a diameter of 7 
inches, and its stroke to 3 feet. The gross weight was 
reduced to 4^ tons. 

The men of the North must know why that loco- 
motive, seen by so many, was not allowed to work on 
the railway and scarcely to be spoken of in public, 
though it remained in work as a stationary engine 
almost up to the present time. The not showing the 
blast-pipe in former drawings nor in this drawing, and 
the strange perversion of facts bearing on its introduc- 
tion, are among the mysteries of locomotive history. 
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In lK.'i4 tluj writer revisited the Welsh works to 
inquire more particularly about the blast-pipe. Mr. 
KlliH'n njlativo, while sfcinding in one of Mr. Ilomfray's 
Trodc^pfar workshops, remarked that pieces of Trevi- 
thick's vixrly engines had remained for many years in 
the oKl Horap-hoap, in the corner of the shop ; on turn- 
injf (>V(3r the surface pieces, and directing Mr. Ellis's 
atloution to one in particular, he replied, "That is 
Trin'ithiok's fii-st blast-pipe, or a copy of it." In shape 
and si'/o it was just like tlie blast-pipe then in use, 
oxwpt that Trevitliick's had a casing pipe for heating 
the fiHHl-wator. 

Smilos thus desoriU^ the invention : — 

*'*riio hnvmotivo lui^^ht have Un^n condemned as useless had 
not Mr, Stophensi^n at this juncture applunl the steam-blast, and 
thiw »l omv d\mlJt\l tho jxnvt^r of the engim\ 

** AltlKms:h IVevithiok, in the engine i*onstnieted by him in 
tSm« aIIo^^xI the waste steam to es^'sijv into the chimney, there 
^ait no ohjtvt in the arrangement beyond getting rid of a nm*siinc*e. 

*^ It is remarkable tliat a man so ingenious as Trevithiek 
ti)\ouhl not have discerned its advantages ; lait it is clear that 
ho I'ouM not have done so, for an hitc» as I8li3, after GeC'nre 
Stephenson had dis<!overe<l and Hii<>f*(*H8riilly adopted the steam- 
blast, Trevithiek took out a patent, tho princi{)al object of 
which was to 'pnxhiro a curroni of air, in the manner of a 
winnowing machino, to hlow ih(« fln*.'*' ' 

Trevithick's patent iti iHlf) was for an engine so 
constructed that the waste steam could not possibly, lie 
U8ed.<iu blast, and therefore ho was obliged in that 
particular engine to omit tho blast-pipe, but this did 
not annul his former acts.' 

Goldsworthy Grumey* saw Trevithick's locomotive 

' * Life of Oeorgc Stophi'iiwui,' by ' Mr. OoMBWorthy Gumey'g ac- 

SiniUn. count of tho invention of the steam 

• See patent, chap. xvi. jrt or hlaat, piiMinhixl 1859. 
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in Cornwall and in Wales, admits the use of the blast- 
pipe by Trevithick, and yet claims for himself the credit 
of the invention. 

The last sentences in his pamphlet state, " Mr. Smiles 
has been sadly misinformed as to the invention of the 
steam-jet, and also with regard to tl)e locomotive 
engine. All the facts on record, and the testimony of 
living witnesses, show that Mr. Richard Trevithick 
was the inventor of the locomotive engine ; and that 
Mr. Groldsworthy Grurney was the inventor of the 
steam-jet." 

But those sentences were preceded by the follow- 
ing :— 

•* Mr. Gurney saw Trevithick's first steam-carriage in 180i, 
and all his experiments on locomotion ; and remembers, too, 
the contemptuous way in which he was treated by the engineers 
of the day. His views were described as * wild theories,' and 
his plans ridiculed. Mr. Davies Gilbert, however, thought differ- 
ently, lie aided Trevithick in his calculations, and encouraged 
him to go on, and Kichard Trevithick became the inventor of 
the locomotive as well as of the high-pressure engine. 

" The eduction-pipe at this time entered the chimney half- 
way up the funnel, and Trevithick, in order that the vapour 
miglit more effectually meet and mix with the hot air coming 
from the furnace, turned it downwards. This did not succeed, 
as may he supposed. The pipe was then turned upwards, as the 
most ready way for its escape. Thus the waste steam from the 
engine was thrown upwards into the chimney by Trevithick in 
1804, long before any other pereon was engaged in the subject, 
exactly in the same way as was afterwards done by all who 
followed him. 

" Many modifications, but very few improvements, if any, 
were made on Trevithick's engine for many years during his 
absence in Peru." 

From the close of 1801 to May of 1805 Trevithick 
constructed two Camborne an<l one London common 
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road locomotives, a Coalbrookdale engine suitable for a 
railway, a Welsh tramroad-engine, and a Newcastle-on- 
Tyne railway-engine, all having a blast-pipe. 

Locomotive history now makes a jump of three years, 
when, in 1808, Trevithick constructed, not only a loco- 
motive engine, but also a railway, that the London 
public might see with their own eyes what the new 
high-pressure steam-engine could effect, and how greatly 
superior a railway was to a common road for locomotion. 

" Thames Archway, Rotherhithe, 

** Mr. Giddy, " July 28, 1808. 

** Sir, — I have yours of the 24th, and intend to put the 
inscription on the engine which you sent to me. 

•* About four or five days ago I tried the engine, which worked 
exceedingly well ; but the ground was very soft, and the engine 
(about 8 tons) sank the timber under the rails, and broke a 
great number of them. I have now taken up the whole of the 
timber and iron, and have laid bulk of from 12 to 14 inf*hes 
square down on the ground, and have nearly all the road laid 
again, which now appears very firm. We prove every part as 
we lay it down, by running the engine over it by hand. I hope 
it will all be complete by the end of this week. The tunnel 
is at a stand. 

" Your very humble servant, 

" Richard Trevithick." 

The sister of Davies Gilbert named tins enp^ine 
* Catch-me-who-can/ and her Memorandum ** Mv ride 
with Trevithick, in the year 1808, in an open carriap:e, 
propelled by the steam-engine, of which the enclosed 
is a print, took place on a waste piece, now Torrington 
Square,'' * enclosed an engraving of the engine on 
Trevithick's visiting cards. 

> Mem. of Mrs. Oiiilmanl, 1808. 



TBAM AND RAILWAY LOCOMOTIVES. 193 

The wonderful simplicity of this engine exceeds that 
of the Newcastle locomotive; Trevithick in those early 
days knew that the 
friction of one pair 
of driving wheels was 
sufficient for his work, 
enabling him to do 
away with the gear 
coupling wheels of his 
earlier locomotives, 
and also that the puffs 
of the steam-blast had 
BO increased the quan- 
tity of steam given 
by the boiler, that a 

dampof in the chimney hi. ricb^u. xiivwHiort 'Citch-iii 
was necessary. 

The following interesting account was given by an 
engineer well known in his day. 




Mr. Trevithick's New Road ExperimenU in 1808. 
" Sin, 

" Observing that it is 8tat«d in your last number {Na 
1232, dated the 20th instant, page 2G9), under the head of 
' Twenty-one Years' Retrospect of the Railway System,' that the 
greatest 8i»ee<l of Trevithick's engine was five miles an hoar, 
I think it due to the memory of that extraordinary man to 
declare that about the year 1808 he laid down a circular 
railway in a field adjoining the New Koad, near or at the spot 
now forming tho southeru half of Euaton Square; that he 
placed a locomotive engine, weighing about 10 tons, on that 
railway — on which I rode, with my watch in hand — at the 
rat« of twelve miles an hour ; that Jlr. Trevithick then gave 
his opinion that it would go twenty miles an honr, or more, on a 
straight railway ; that the engine was exhibited at one shilling 
admittance, including a ride for the few who were not too timid ; 
VOL. I. O 
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tliat it mil for some weeks, when a rail broke and oi-casioiied 
tho engine to Hy off in ii tangtyit and overturn, the ground 
lii'inf' very soft at the time. 




"Mr. Trcvithick having expended all hia moans in erecting 
the norks and cnclosnre, and the shillings not having ronie in 
last enough to pay current exi>enses, the engine waa not again 
set on tho mil. 

" I am. Sir, your obeilieut servant, 

■'.loHN ISAAI' HaWKISS, 

"Civil Enirinoor, l^mdon."' 
' • Mohnnim" MHpixinr,' 'JTIh MRrvh, 1847. 
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On this experiment Mr. Albinus Martin gives the 
following : — 

" I am sorry to be unable to give you any useful information 
about the engine exhibited in London more than half a century 
ago. I cannot even fix the time; but from comparison with 
other dates, it could not have been in 1803. William Bastrick 
was resident engineer on the works of the driftway under the 
Thames, and he was very kind to me as a boy. I think it must 
have been to him that I was indebted for a sight of the engine 
exhibited, for I know I got in without payment, and felt myself 
thereby recognized as belonging to the craft. The place was 
at the rear of what were then florists' or nursery gardens, in the 
New Eoad, very near if not on the site of the North-Westem 
Railway Station. 

** There was a circular railway of about — I can't tell the 
gauge or the diameter — but perhaps a hundred feet The 
engine itself was to me an entire novelty, but not differing in 
general appearance from that on the Merthyr tramroad, and of 
which an engraving has been published. 

"The space in which this circular railroad was enclosed was 
surrounded by a fence, made of close-fitting 12 or 15 feet deals. 
When I saw it the engine was out of steam, and there were no 
spectators. Trevithick was not there, nor can I recollect who 
was. 

"From my recollection of events it was about 1806."^ 

This London railway of 1808 was near Euston Square, 
and the site of the present London and North-Western 
Railway Station, and on it the public were carried at 
twelve or fifteen miles an hour around curves of 50 or 
100 feet radius. 

At the end of September, 1808, Mr. Homfray wrote 
to a friend in London, " I wish you likewise to say if 
there is anything in the report of the Racing Engine 
being carried into eflfect, and if so at what time, and the 

* Extract from letter of Mr. AlhinuR Martin, in 1808. 

o 2 
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particulars of the bet, &c., as if it is to take place, I 
shall be very much inclined to see it." 

Trevithick's note of 28th July said that four or five 
days before he had run very well. This railway experi- 
ment, therefore, must have been in operation more or 
less for two or three months, and during that time his 
occupations at the Thames Driftway brought numerous 
engineers around him,^ and amongst them, Messrs. 
Stobart and Buddie, from the North, interested in coal 
works. 

*' In the year 1805 the late Mr. William Hedley was appointed 
mining engineer at Wylam Colliery. At that time a railway, 
five miles in length, communicated with a depot on the river 
Tyne. The railway was a wooden one, subject to great undula- 
tions. It was worked by the old method, one horse being em- 
ployed for each waggon. But about the year 1808 the wooden 
rails were taken up and cast-iron plate-rails substituted. 

"Mr. Blackett, in the year 1809, wrote to the celebrated 
Trevithick on the subject of an engine ; his reply stated that 
he was engaged in other pursuits, and having declined the 
business, he could render no assistance."^ 

It was at this period that the Thames Driftway failed, 
and patent law proceedings and bankruptcy, and ill- 
health drove Trevithick from London, and for a time 
from active life ; but not until after he had achieved 
the great work of conveying the liondon public on a 
railway constructed of longitudinal timbers supporting 
a rail of iron. A passenger-carriage ran for hire, drawn 
by a locomotive engine on four wheels, two of them 
being driving wheels made to revolve by crank-pins in 
their spokes. The waste-steam pipe from the cylinder 
to the chimney gave its puflGs as in the present day. 



* St'o chap. xii. 

« * Who Invented the Locomotive?' by 0. D. Hedley, published 1858. 
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The cylinder, instead of being horizontal as in the two 
former railway-engines, was now again vertical, as in 
the first Camborne common road engine; its weight 
was 8 or 10 tons. 

Mr, Bendy, who had before worked for Trevithick, 
says, " The engine used in the dredger^ was of the same 
size as that fixed in London to run round the circle at 
the speed of fourteen or fifteen miles an hour — the 
cylinder was 14^ inches in diameter, with a stroke of 
4 feet."^ The ' Catch -me- who-can,' or * Racing Steam- 
Horse,' was to run against a flesh-and-blood race-horse 
for a fair day's work, the one performing the greatest 
number of miles to be the winner. Probably the diffi- 
culty of settling preliminaries caused the contest to be 
deferred and forgotten ; for there is no record of the 
race having been run. 

Mr. Bendy, who worked as a foreman mechanic on- 
Trevithick's dredger-engine of 1803, and was a spec- 
tator, if not an assistant, in the railway experiment in 
1808, says the two engines were alike, and this link 
gives an accurate knowledge of the detail of the 
engines; remove the fly-wheel and crank-shaft from 
the drawing of the dredger-engine, attach the two side 
rods to crank-pins in two driving wheels, place a 
damper in the chimney, and we have the counterpart of 
the locomotive on Trevitliick's card of 1808. 

In 1870 the writer saw in a foundry at Bridgenorth, 
where those engines were made, one of the original 
cross-head guide-rods, precisely as shown at K K. 

The drawing of the dredger in Rees' * CyclopaKlia ' 
was by Mr. J. Farey. The detail description, omitted 
by him, is supplied by the writer. 

* Sec drawing of dredger-engine, chap. xi. 

* Hee Mr. Bcndy'8 letter, chap. xi. 
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The following description from Rees was probably 
written by Robison or Farey, both of them intimately 
connected with Watt : — 

" The high-pressure engines at present in use were introduced 
by Mr. Trevithick, in conjunction with Mr. Vivian, who obtained 
a patent for the same in 1802 ; this was principally for their 
application of the engine to the purpose of driving of carriages 
upon railroads. This engine containing no material parts which 
are not used in other engines, and before described, it may be 
explained without a drawing. The boiler consists of a large 
cylinder of cast iron, made very strong, with a flanch at one of 
its ends to screw on the end or cover, which has the requisite 
openings for the fire-door, the man-hole, the exit for the smoke, 
and the gauge-cocks. 

" The fire is contained within the boiler, in a cylindrical tube of 
wrought iron, which is surrounded with water on all sides, in the 
same manner as the tire in Mr. Smeaton's portable engines ; but 
there is a little difference in the application : one end of this tube 
is flanched to the end or cover of the boiler, and is divided into 
two parts by having the fire-grate extended across it ; the tube 
extends nearly to the end of the boiler, where it is reduced in 
size, then doubles, and returns back in a direction parallel to 
the first tube or fire-place to form the flue or chimney. On one 
side of the cylinder, just above the flanch which fixes it into the 
boiler, and beneath the top flanch, which fastens down its lid, is 
a protuberance of cast iron, to contain the four passages and the 
cock (one passage rises directly from the boiler and brings 
steam to the cock at one side, to be distributed either to the top 
or bottom of the cylinder, according to the position in which 
the cock stands). The boiler is supplied with water as fast as 
it evaporates, by means of a small force-pump worked by the 
engine ; but as it would be a great loss of heat to inject cold 
water at once into the boiler, it is first rendered nearly or quite 
boiling by a very simple contrivance. The waste-pipe, which 
conveys the steam away from the cylinder after having per- 
formed its office, is enclosed within an external pij)e or jacket 
leaving a space of about an inch all round ; through this space 
the cold water is forced to enter at one end by the small force- 
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pump, and the boiler is supplied with water by a branch from its 
other extremity. The velocity of the engine is regulated, or its 
motion can be'entirely stopped if required, by a cock situated 
in the first passage from the boiler to the four-passaged cock. 

"Several very terrible accidents have occurred from the 
bursting of high-pressure boilers, either from their being made 
too weak to resist the force they are intended to bear, or from 
some mismanagement, as loading the safety-valve too much. 
Some years ago an engine that was employe<l to drain water 
from the tide mills while building between Woolwich and 
Greenwich, was blown up by overloading the safety-valve, when 
several people were killed." 

This description, published in 1819, shows that up to 
that time Trevithick's patent engine of 1802 was looked 
on as especially suitable for driving carriages on rail- 
ways, and though parts are spoken of as not new, no 
statement is made of who had used them before, ex- 
cept " a similarity to a boiler made by Smeaton with a 
little difference." The several terrible accidents are 
not particularized, except that at Greenwich, wliich was 
not caused by any defect in the engine or boiler, but by 
the fastening down of the safety-valve. The bias of 
the statement is evident, the exploded boiler having 
been a globular cast-iron boiler enclosed in brickwork, 
with external fire in contact with the cast iron, while 
the condemnation is applied to a cylindrical boiler with 
internal fire in a wrought-iron tube, proving the truth 
of Trevithick's statement made at the time, that Boulton 
and Watt had made false reports on the explosion.' The 
waste-steam blast-pipe is shown in connection with the 
chimney, but the writers in 1819 seem not to have 
comprehended its value, though it had been in operation 
for eighteen years. 

• See TrevithiokV lottor, Octol¥?r Ist, 1803, chap. xx. 



TRAM AND RAILWAY LOCOMOTIVES. 201 

The compactness, perfection, and beautiful simplicity 
of Trevithick's engines of sixty-five years past are by 
this drawing made manifest to engineers of the pre- 
sent day, while the written description makes it equally 
evident that it was incorrectly spoken of. 

An important evidence of the rapid advance of loco- 
motive mechanism under Trevithick's guidance is in 
the use of but two driving wheels in the 1808 loco- 
motive, while former ones had four wheels coupled to- 
gether, making them all drivers. In all probability 
Mr. Blackett and Mr. Hedley, his agent, rode on this 
engine, for they were at that time in frequent communi- 
cation with Trevithick on the subject of railways and 
locomotives, and yet failed to see the lesson so plainly 
taught, for shortly afterwards these two gentlemen 
patented the discovery of sufficient adhesion from 
smooth wheels. 

Mr. Hedley was appointed engineer of the Wylam 
Colliery about 1805, when Trevithick's locomotive was 
sent to Mr. Blackett, and was not ignorant of the suc- 
ceeding trials and improvements by Trevithick, for 
shortly after the public proof in 1808 of what could be 
done Mr. Blackett again solicited Trevithick's help, 
either by engines or drawings; yet in 1813 he patented 
the invention as his own. 

"To operate by mere friction or gravity had not as yet 
occurred to anyone, until the late William Hedley, Esq., 
viewer, who had the direction of Wylam Collierj', conceived 
the idea ; and having satisfied himself by a variety of experi- 
ments with the waggon-way carriages, he took out a patent for 
the invention, which bears date March 13th, 1813. 

**In 1814 Mr. George Stephenson, having given his attention 
to the subject, fitted up an engine at Killingworth Colliery." * 



1 ( 
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This is strong evidence of the inability of the intel- 
ligent public of that day to comprehend Trevithiek 
or his engines ; but it is still more strange that fifty 
years have failed to entirely remove the mist. Evi- 
dences had been given through the length and breadth 
of England of the sufficiency of grip on common roads, 
on tram-plates, and on rails. Many years afterwards 
Dr. Lardner, in a lecture on the locomotive, spoke of 
G^eorge Stephenson as " the fatlier of the locomotive 
engine." Mr. Hedley wrote the following letter in 
refutation of Lardner's statement : — 

« Sir, ** Shield Row, December 10, 1836. 

** I respectfully beg to call your attention to the follow- 
ing circumstances connected with the establishment of the loco- 
motive engine in this district : — 

"In October, 1812, I had the direction of Wylam Colliery. 
At that period I was requested by the proprietor (the late Mr. 
Blackett) to undertake the construction of a locomotive engine. 
The celebrated Trevithiek had previously been applied to for one; 
in reply, he stated that he had declined the business. Amongst 
the many obstacles to locomotion at that period was the idea 
entertained by practical men, and which was acted upon, viz. 
that an engine would only draw after it, on a level road, a 
weight equal to its own. 

**Mr. Blenkinsop, in 1811, effected the locomotion bv a 
toothed or rack rail ; in December, 1812, W. and E. Chapman, 
by means of a chain ; and in 3Iay, 181.'{, Mr. Brunton, of 
Butterley, by movable legs. I was, however, forcibly impressed 
with the idea, and which was strengthened by some small pre- 
liminary experiments, that the weight of an engine was sufficient 
for the purpose of enabling it to draw a train of loaded waggons. 
An engine was then constructed, the boiler was of cast iron, 
the tube containing the fire went longitudinally through the 
boiler into the chimney. The engine had one cylinder and a 
fly-wheel : it went badly, the obvious defect being want of 
steam. Another engine was then constructed, the boiler was 
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of malleable iron ; the tube containing the fire was enlarged, 
and, in place of passing directly through the boiler into the 
chimney, it was made to return again through the boiler into 
the chimney, now at the same end of the boiler as the fire-place. 
This was a most important improvement. The engine was 
placed upon four wheels, and went well. A short time after it 
commenced, it regularly drew eiglit loaded coal-waggons after 
it, at the rate of from four to five miles per hour, on Wylam 
Railroad, which was in a very bad state; in addition to this, 
there was a great rise in the direction of the load in some parts 
of it; the road itself was of that kind termed the plate-rail. 

** In conclusion, I beg to say that I am the individual who 
established the j)rinciple of locomotion by the friction or adhe- 
sion of the wheels upon the rails ; and, further, that it was the 
engines on the Wylam Railroad that established the character 
of the locomotive engine in this district. 

" I trust you will see the propriety in your future lectures of 

not designating Mr. Stephenson the * father of the locomotive 

engine.* 

" I beg to subs(n ibe myself. Sir, 



" Your obedient servant, 

** William Hedley.* 



** Dr. Lahdner, Nnrmsth'." 



About ten vearR after the date of Mr. Hedley's 
letter, at the opening of the Trent Valley Railway, Sir 
Robert Peel, then Prime Minister, proposed the health 
of George Stephenson, as the " father of the locomotive 
engine." Mr. Stephenson, in reply, swallowed to him- 
self the whole compliment, causing the writer to leave 
his scat with the intention of putting in a claim for the 
memory of Trcvithick ; the late Mr. Thomas Brassey 
noticed the intention and pointed out its inconvenience 
at a convivial meeting. 

Mr. Hedley's letter, while it shows the injustice of 
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the patent laws, gives the strongest corroborative proof 
of Trevithick's prior claim as the inventor of the loco- 
motive. It states that in 1812 practical men believed 
that a locomotive on smooth wheels would only draw 
after it a weight equal to its own. Mr. Wilson wrote 
in 1805 that Trevithick's locomotive, weighing 4i tons, 
was to pull on the Wylam Railway 10 i tons, at four 
miles an hour. This was a prudently-careful engage- 
ment on Trevithick's part, for he knew that his Welsh 
locomotive of 5 tons, on smooth wheels, had drawn 
24 tons, a load nearly five times its own weight. 

Mr. Hedley constructed a second locomotive, which, 
from his own account, was a closer copy of Trevithick's 
locomotive, having a wrought-iron boiler and return 
tube, upon four wheels, and drawing eight loaded coal- 
waggons, at the rate of from four to five miles an 
hour, on the Wylam Railroad: the engine had one 
cylinder and a fly-wheel. This description is very like 
that by Mr. Wilson, in 1805, of the locomotive sent by 
Trevithick to the Wylam Railway. At the time that 
Mr. Hedley was taking a patent for " the principle of 
locomotion by the friction or adhesion of the wheels 
upon the rails," Trevithick was writing of his patent 
engine, — " I am convinced to a certainty that the en- 
gine at Hayle will draw above 100 tons of stone from 
the quarries, and put them into the ship's hold, in one 
day."* And in the preceding year, — "I am now 
building a portable steam-whim on the same plan, to 
go itself from shaft to shaft. He may see this at work 
in a month, which will prove to him the advantage 
of a portable engine to travel from one plantation to 
another : the price complete is 105Z.' 



»»i 



" Sec Trcvithick'8 lottor, 4th February, 1813, cliap. xvii. 
* 8e« TreYithick*8 letter, 10th March, 1812, chai>. xvii. 
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It may never be known how many of Trevithick's 
locomotives really worked, or how many of them 
reached Newcastle. 

* Catch-me-who-can' proved the feasibility of steam 
locomotion on rails of iron resting on longitudinal 
timbers, and caused Mr. Blackett to write to Trevithick, 
soliciting another locomotive for the North. 

Smiles trays : — 

** Mr. Blackett had takeu up the wooden road in 1808, and 
laid down a plate-way of cast iron ; he went so far as to order a 
locomotive direct from Trevithick to work his waggon-way, 
about the year 1811. 

*' While Mr. Blackett was thus experimenting and building 
locomotives at Wylam, George Stephenson was anxiously 
brooding over the same subject at Killingworth. 

" Mr. Blackett's engines were working daily at Wylam, past 
the cottage in which he had been bom. After mastering its 
arrangements and observing the working of the machine, he 
did not hesitate to declare to Jonathan Foster on the spot his 
firm conviction that he could make a much better engine than 
Trevithick. The steam-blast in the chimney was never pro- 
perly understood, until George Stephenson, adopting it with a 
preconceived design and purpose, demonstrated its importance 
and value, as being in fact, the very life-blood of the locomotive 
engine."* 

This accoimt of the blast-pipe, and bungling attempt 
to copy Trevithick's locomotive, may go into the waste- 
paper basket, with the many other erroneous demon- 
strations on the same subject; but the lessons taught 
by comparing the slow progress of the locomotive in 
the North about 1813, when Stephenson took it in 
hand, up to the Liverpool and Manchester trials in 
1829, with what Trevithick had done, standing by him- 
self, between 1801 and 1813, are melancholy proofs of 

* Se6 Hmiles' * Life of George Stephenson/ pp. 74-^1. 
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the neglects individual genius has to submit to, and 
of the insurmountable difficulties placed in the path of 
progress by ignorance and self-interest. 

It has been said that Cugnot, as early as 1769, tried 
to make a low-pressure locomotive, but failed to accom- 
plish it ; and that Watt made a similar futile attempt 
fifteen years afterwards. 

Hebert says : * — 

" From all the information that we can glean in tracing out 
the early history of locomotion, this remarkable circumstance 
constantly presents itself: that when Trevithicks carriages 
with smooth wheels were employed upon levels, or slightly- 
inclined planes, invidious comparisons with others having cogs 
were made against the former, because, as was asserted, they 
slipped, and could not ascend such acclivities as the latter; 
and this, notwithstanding Trevithick first suggested, by his 
'cross-grooves and fittings to railroads,' the very principle 
of the cogs, in a less objectionable form, and ' all other appli- 
ances to boot,' of the engine and boiler, contained in the said 
locomotive 1 Thus Trevithick lost many orders, and they were 
given to those who adopted all the essentials of his plans, 
without acknowledgment, and employed them as the basis 
of their structures ; and when, after the lapse of years, it was 
found out by these gentlemen that smooth wheels had sufficient 
' bite ' of the rail in most circumstances, they made that fact 
appear to be their own dis(*overy, notwithstanding it is stated 
in Trevithick's specification of 1802, and was confirmed by his 
practice ; which practice they at first condemned with one 
general voice ; and when at last they were compelled to 
practise it also, they endeavoured to make it appear as vastly 
superior to Trevithick's mode of surrounding his wheels ' with 
heads of nails, bolts, and claws,' which he never used at all ! 
These ungenerous proceedings against the most eminent 
mechanic of his time, appear to have been going on un- 
checked from 1802 up to the present time— 1836." 

* See Luke Hebert's practical treatiae on * Railroads and lAJComution,* p. 30 ; 
published 1837. 
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The * Penny Cyclopaedia' has the following : — 

" The possibility of applying tlie steam-engine to purposes 
of locomotion waa conceived byseTeral of its earliest improvers; 
and in 1784 a plan wa.^ suggested in one of the patents of 
Watt ; but it does not appear that either he or any other 
inventor carried their ideas into practice until about 1802, 
when Messrs. Trevithick and Vivian patented a high-pressure 
engine, which, by its simplicity and compactness, was admirably 
adapted for locomotive purposes, Witliin a few years they 
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built fleverul carriages, one of which, at least, was for use on 
a common miuI, In 1805 they made some interesting experi- 
ments with a miichine similar to that represented by the 
annexed cuts, 011 a tramway near Merthyr Tydfil, and thereby 
proved the practicability of their plans. It is remarkable that, 
notwithstanding the extreme simplicity of tliis machine, it 
potfsessed almost all the essential arrangements of the modem 
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engines ; and the ideas of its inventors were so complete that 
snbsequent engineers have had little to do beyond improving, 
and carrying into effect the suggestions of their specification. 

''And the admirable arrangement of throwing the waste 
steam into the chimney, has been almost invariably followed ; 
as it affords a blast always proportionate to the speed of 
the engine, and the consequent demand for the evolution of 
steam. 

" A supplementary carriage followed the engine, to carry a 
supply of fuel and water, and a small force-pump, worked by 
the machine itself, maintained the requisite supply of water in 
the boiler. 

'' Being otherwise occupied himself, he did not proceed with 
his locomotive experiments ; but many others entered the field, 
though they produced few useful contrivances that were not 
either used or suggested by him. 

''Mr. Blenkinsop in 1811 patented a locomotive engine, in 
which the power was applied to a large cogged wheel, the 
teeth of which entered a rack laid down beside the ordinary 
rails. Blenkinsop's engine was in other respects very similar 
to that of Trevithick ; but two cylinders and pistons were 
employed, working separate cranks at an angle of 90^, so tliat 
one was exerting its full force, while the other passed its dead 
point. 

*' In 1825 the Stockton and Darlington Railway was opened. 

" As the Liverpool line approached completion, the directors 
took great {laius to ascertain the best method of working it. 
They were soon convinced tliat horse-power was ineligible, as 
it was intended to aim at considerable velocity ; and the ex- 
pense of animal power when applied at a speed of eight or ten 
miles per hour is very great It was not so easy to decide on 
tlie com{)arative merits of stationary and locomotive engines. 
Various suggestions were made for the application of fixed 
engines at intervals of a mile or two along the line, to draw 
trains by ropes from station to station ; but it was eventually 
determined to use locomotives, and to offer a premium of 500/. 
for the bt*st to be produced, which would fulfil certain condi- 
tions, of which some were — ^that it sliould not emit smoke ; 
should draw three times its own weight at the rate of ten miles 
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per hour ; should be supported on springs ; not to exceed 6 tons 
in weight, or 4 J tons if only four wheels ; and should not cost 
more than 550/. The trial was fixed for October, 1829, when 
four locomotives were produced, one of which was withdrawn at 
the commencement of the experiment." 

This description of work performed by a locomotive 
at Merthyr Tydfil in 1805, may lead to the conclusion 
that the Welsh tramroad-engine of 1803 was not the 
only one worked in Wales about that time; but in 
the absence of sufficient identity, the writer views this 
drawing as showing the London railway locomotive of 
1808, The mention of several steam-carriages having 
been tried within a few years of 1802, one at least of 
which was on a common road, and one on a tramway, 
throwing the waste steam into the chimney, thereby en- 
abling the boiler to give the required steam supply, is 
confirmatorv of similar statements in Trevithick's letters. 
The fire-bridge shown in the fire-tube, and the statement 
that a tender was attached to the engine for carrying 
water and coke, are both omitted by other commen- 
tators ; yet we know that all Trevithick's locomotives 
had the fire-bridge, and if all had not tenders on 
their experimental trials they would of necessity have 
had them when in regular work. All the drawings 
of the early locomotives show the exhaust-steam pipe 
connected with the chimney, but none give the up- 
turned part; yet it must have been so, because the 
seveml locomotives could not have worked without 
an effective blast. The writer having built and worked 
numerous locomotives, ventures to make this statement, 
though in direct opposition to opinions written and ex- 
pressed by many. 

Though the outline of this locomotive is very like the 
1803 Dredger-engine, it evidently is not the same one; 

VOL. I. p 
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for the Dredger has a taper tube in the boiler, while 
the locomotive has the bottle-neck tube, with the fire- 
bridge placed at some distance from the contracted 
part of the fire-tube, and supposing it allowed of the 
passage of a little air is very like modern patent smoke- 
burners. 

Mr. Rastrick's evidence on the Liverpool and Man- 
chester Railway Bill in 1825 mentions that a loco- 
motive was made for Trevithick in 1807 or 1808 at 
Hazeldine and Rastrick's works at Bridgenorth, and 
was in the latter year run on a circular railway in 
London. " It was stated that this engine was to run 
against a horse, and that whichever went a certain 
number of miles was to win." Probably the same 
engine is described in the ' Penny Cyclopaidia ' as 
"generating steam with great rapidity and of a high 
degree of elasticity ; the waste steam, after propelling 
the piston, passes by the eduction-pipe into the chimney, 
where its emission causes a strong draught." 

A year or two prior to the all-England competition, 
in 1829, Trevithick had returned, after an eleven years' 
absence from his native country, to find that what he 
had performed on bad tramways with sharp curves and 
inclines twenty-five years before, it was thought unrea- 
sonable to expect on a carefully-made railway with easy 
curves and gradients. The Liverpool and Manchester 
directors seem to have been guided in their limit of work 
by Trevithick's 1803 engine, which took more than 
three times its own weight at a less speed ; but when 
light, moved at a greater speed. The weight of that 
engine was also their limit; while his 1808 engine 
was double the weight of the former, and took pas- 
sengers at twelve or fifteen miles an hour. Sketches 
of the * Rocket ' and the ' Sanspareil,' the two best 
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engiuea of 1829,' show the latter to have been very- 
like the ' Cat«h-me-\vho-can ' of 1808 ; while the former 
is more like the Newcastle engine of 1804. Each 
of the 1829 locomotives had two cylinders. The 
'Rocket,' whose boiler was much improved by small 
tubes, averaged a speed of fourteen miles an hour, with 
10 or 11 tons of load, its greatest velocity. being at the 
rate of twenty-four miles an hour, or double the speed 
required by the terms of the race. 




n Ha. HAOtiremi, 



It waH Trevithick's high pressure that enabled the 
Kteam-engine to be used for Huch purposes, and even 
the improved tubular boiler enabling the ' Rocket ' to 
win the prize, had in principle been used and patented 
by him long before. 

His patent of 1802 recommends the use of two cylin- 
ders, and shows a boiler with three tulies. The difficulty 
of manufacture confined him in practice to one cylinder 



' Sw Luko Hphert 'Oil IUJIwii<rt>.' 



p 2 



212 TKAII AND RAILWAY LOCOMOTIVES. 

and two tuben, called the return tubes. But he patented 
in 1815 a boiler made of small tubes, and applied it in 
that or the following year to his screw-propeller engine. 
There was this difference, — ^his patent shows the water 
in the small tubes with the fire around them; the 

* Ilocket' had the fire through the tubes and the water 
around them. 

The rci'ider will judge of the similarity of the loco- 
motives by Stephenson and Hackworth to Trevithick's 
earlier locomotives which they had seen. The * Novelty/ 
by MoHsrs. Braithwaite and Ericsson, one of the three 
best of the competing locomotives, in its outline was not 
so nnich like a copy of Trevithick's as the other two; 
but a closer examination reveals the same family like- 
noHH. It has been said that the drawings for the 

• Novelty * were made by the late Mr. John Hosking, 
who had Ix^en a pupil of Captain Samuel Grose when 
he erected Trevithick's engines in Cornwall, and while 
so engaged wais also a fellow-draughtsman with the 
writer, and was afterwards employed in Stephenson's 
works at Newcastle. 

To Trovithick and his never-ceasing practical exer- 
tions, in Ci>rnwall, London, Shropshire, South Wales, 
and in Newcastle- on -Tyne, are we indebted for the 
first practical and nnil evidences of steam locomotion. 
Yot though ho had returned to his native country a 
year or two Wforo those locomotive competitions on the 
LivorjHH^l and Manchester Railway, he was not consulted 
by the oomjH?ting engineers, all of whom may be said to 
have taken their first lessons from him. His labours for 
the liHvmotive had ceased, but for the general history 
of it« further progress we may trace it for a few years 
under its mixlorn name of outside-cylinder engine. 

In 1S40 the directors of the Liverpool and Man- 
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Chester and Grand Junction Railways, ten years having 
elapsed since the public locomotive trials, with the 
assistance of George and Robert Stephenson, and 
Joseph Locke, came to the conclusion that a new and 
improved locomotive should be designed, on which, as 
far as possible, all succeeding ones should be built; 
this was shortly after the time that Robert Stephenson 
withdrew from direct interference on the Grand Junc- 
tion Railway, Joseph Locke having become the engi- 
neer-in-cliief, whose report to the directors on the engine 
stock, written on the last day of 1839, states : — 

" If a substantial improvement can be made, let it be applied 
to new engines, or to tbose already worn out which reqmre to 
be renewed. This is a« field suflRciently wide for the most 
inventive mind, without permitting it to range over the whole 
list of engines that are in daily use. In making this suggestion 
I know that it may be said that * {here is an end to improve- 
ments ; ' but so convinced am I of the folly and expense of 
perpetually altering the engines for the sake of some trifling 
gain, that I would rather submit to this imputation than see 
those changes so often made. It would be well also to have in 
view the advantages of making as many parts of the different 
engines similar to each other as possible. To give you an 
illustration, I find that notwithstanding the great number of 
engines and tenders, there is sometimes a want of tenders, 
arising from the connecting pipes being of different sizes. I 
lately found an engine standing idle for the want of a valve to 
the pump, a small piece of brass not more than 3 lbs. in weight, 
and although there are ten engines of the same class on the 
line (with two pumps to each engine), there was not one dupli- 
cate valve on the establishment. The enginemen should be 
under the locomotive superintendent, and should take their 
orders from him. In concluding this report I would take the 
liberty of pressing on your attention the necessity of preserving 
with the engines a more uniform rate of speed. All the improve- 
ments that experience has suggested, and will suggest, mutt 
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give way under the effect of overrunning. The only way of 
avoiding this expense is to make a stand at some given speed, 1 
care not how high it is, so long as the present engines can do it." 

The writer was in communication with Mr. Locke 
prior to sending this report, and during the following 
seventeen years acted on the advice, though of neces- 
sity the strict letter liad to be varied with the change 
of time and circumstance. 

Engines were constructed, weighing about 10 tons, 
with two outside cylinders, each 12^ inches in diameter, 
supported on six wheels, the two driving wheels being 
6 feet in diameter : the average load of a passenger- 
engine between Liverpool and Birmingham was ten 
carriages. 

In the following year the trains averaged twelve 
carriages : engines were made to suit the increased 
work by giving a cylinder of half an inch more in 
diameter. Again, in 1843 the trains increased to fifteen 
coaches ; another quarter of an inch was added to the 
diameter of the cylinder, demanding a little more boiler 
space, and a little more weight on the driving wheels, 
the more so as the writer was allowed to risk an increase 
of steam pressure from 50 to 60 lbs. on the inch, to 
meet the increased size of the driving wheels to 5 feet 
6 inches, that the speed might be increased. This 
improved locomotive had a 13^-inch cylinder, weighed 
12 tons, on six wheels, and would take a train of sixteen 
passenger-carriages between Birmingham and Liver- 
pool, with the precision of clockwork, at a speed, 
including stoppages, of thirty miles an hour. In 1844 
the driving wheels were again increased to 6 feet; and 
in 1845, with increasing traffic and speed, and to sur- 
mount the Lancaster and Carlisle sharp incline of 
1 in 75 for three or four miles, the cvlinders were 
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increafied to 14| inches diameter, 20-inch stroke, 6-feet 
driving wheels, and steam of 75 lbs. on the inch ; this 
engine was not much heavier, neither did it work with 
a higher pressure of steam than Trevithick's London 
locomotive of 1808, which ran on sharper curves at 
fifteen or twenty miles an hour, worked by one outside 
cylinder 14^ inches in diameter, 4-feet stroke, and steam 
of 100 lbs. on the inch. Such wa« the slow progress 
of the locomotive engine. 

One of these good little engines of 1845 gave special 
proof of efficiency. About the year 1846, on a rainy, 
blowing, autumnal Saturday night, the writer was sum- 
moned, from nursing an influenza cold, to the railway 
station. Her Majesty, Prince Albert, and the rest of 
the Royal family, had unexpectedly arrived, and desired 
Uy be in London by ten the following morning. Con- 
tinued rain had caused the line to be unsafe in places, 
except at comparatively slow speeds. Saturday night 
is proverbially a bad time for finding people wanted in 
a hurry. However, at six the next morning, in dim 
light and bh'nding rain, the Royal train was in readi- 
ness, and Her Majesty punctual to the minute, when, 
after a little animated delay for the lady in waiting, 
a start was made, and the required speed of forty miles 
an hour steadily run, until a providential disobedience 
of orders by tlie pilot-engine man caused the steam to 
be instantly shut off, the brakes applied, and the speed 
reduced to one-half; fog signals exploded in close prox- 
imity to the danger ; red flags were hurriedly unfurled, 
and in a moment the engine rolled as a ship in a storm 
through an alarmed group of a hundred navvies, who, 
thinking it a quiet day, had raised the rails and sleepers 
a foot above their bed of soft clay, that a thick layer of 
balhist might be shovelled under them. For a quarter 
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of a mile did the precious freiglit pass safely over this 
bridge of rails supported on brickbats, the only injury 
being a bent* driving axle and broken bearing-brasses, 
with which, the engine kept time to the next relieving 
station, and then broke down. I believe it was in the 
same year that the writer, with one of the same engines, 
took Sir Robert Peel safely over the same railway, be- 
fore it was completed or open to the public, on his way 
from Tamworth to Liverpool to deliver his memorable 
speech on the Corn Laws. That class and size of out- 
side-cylinder engine remained in use for ten years, when 
in 1856 the growing demand for greater speed caused 
the driving wheels to be increased to 7 feet and the 
cylinder to 15J inches in diameter, retaining the old 
stroke of 20 inches, but increasing the size of the boiler, 
using 150 tubes, and giving steam of increased pressure 
• to 100 lbs. on the inch : the gross weight was 20 tons. 

Plates YL and VII. show London and North- Western 
Railway outside-cylinder passenger locomotive, 1856. 

In 1867, a similar locomotive in the Paris Exhibition, 
from the French engineering works at Creuzot, was 
labelled Schneider's prize engine. An exceptional en- 
gine was built in 1847 to refute a dogma of the broad- 
gauge advocates that the narrow gauge had reached its 
limit of speed, because the driving wheels could not be 
safely increased in diameter. A narrow-gauge engine 
was therefore constructed by the writer with 8 feet 
6 inches driving wheels, being 6 inches more than the 
largest broad-gauge wheels. This engine still continues 
to run express trains, the only change being in a more 
modern boiler. It was sent to the London Exhibition of 
1851, and some years afterwards the late Mr. Fairbairn 
congratulated the writ(T on the medal awarded for it, 
and accounted for its non-presentation from the question 
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having tiriseii of whether the medal should be awarded 
to tlie Railway Secretary, whose name was officially 
attaclied, or to the designer, whose name was not offici- 
ally attached. 

Having slightly traced the outside-cylinder locomo- 
tive engine from its starting into life in Camborne in 
1801 through its chrysalis stages of common road, tram- 
road, and railway engine up to 1808, then through 
twenty years of restless sleep to the Liverpool and 
Manchester period of outburst into general usefulness 
in 1829, with the prize * Rocket,' weighing 4J tons, on 
four wheels, having outside cylinders 8 inches diameter, 
18-inch stroke, 2 feet 7 inch driving wl)eels, twenty- 
five tubes in the boiler, giving steam of 50 lbs. on the 
inch. Then came during sixteen years a time of 
steady growth up to 1845, when it scarcely exceeded 
its weight, size of cylinder, or steam pressure of thirty- 
seven years before, while the improved form of 1856 is 
still in use. Shortly after the * Rocket ' period, cranked- 
axle engines came into use on many railways, but as the 
Trevitliick locomotives were all outside cvlinders, that 
kind alone has been spoken of. 

The clear practical understanding of giving motion 
to a carriage by tlic friction or grip of its wheels on the 
road, and of the best construction of a road for such a 
carriage, was almost as slow in growth as that of the 
more complicated locomotive engine. In 1801 Trevithick 
and Davies Gilbert tried experiments on tlic grip of a 
wheel on common roads ;^ this was immediately followed 
by two or three years of comparatively successful expe- 
riments with common road locomotives. In 1802 Trevi- 
tliick wrote, " The Dale Company have begun a carriage 
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Sw DavH'H (iillKTt's IrtUT, April, lK';j», chap. vii. 
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at their own cost for the railroads."^ In 1804 the tram- 
plate locomotive road was well tested in Wales. *'I 
doubt not we could draw 40 tons at a time verv well ; 
10 tons fttand no chance at all with it. It runs up the 
tramrcHid of 2 inches in a yard, forty strokes per minute 
with the empty waggons."* In 1808 the London loco- 
motive on a railway ))assed around curves of 50 or 
100 feet radius, at fifteen miles per hour : such gradientiiJ 
and curves, manageable with Trevithick's locomotives, 
were thought impossible thirty or fortv vears after bv 
engineers of ability. 

Tramways and railways for horse-draught w^ere in 
use before Trevithick placed his locomotive on them, 
yet he took the improvement of the road in hand, for 
he says in 1808,^ " the ground was very soft, and the 
engine sank the timbers under the rails and broke a 
great numl)er of tliem. I have now taken up the whole 
of the timl)er and iron, and have laid balk of from 12 to 
14 inches square down on the ground." This Trevi- 
thick's railway of 1808 is somewhat like the (xreat 
Western Railway of the present day. In 1838 tlie late 
Mr. Brunei gave the writer a sketch of the permanent 
way, desiring In'm to construct a piece of about half a 
mile in length near Wormwood Scrubs, as a sample of 
the intended form of construction for the Great Western 
Railway; the timlxjrs and rails of which remind one of 
those use<l thirty years before by Trevithick, except 
that Brunei attached his longitudinal timl^rs to piles 
and cross-timbers, which latter were after a short time 
removed. 

Practical men are too apt to leave facts imrecorded. 
Some twenty years ago, railway com[H}tition caused an 

* Set* Trevitliick'M Uttor, Anpiist 22iul, 18(»2, iliap. ix. 

* S«» Trevithick's ktUr, Fobrnary 20th, 18(4, chap. ix. 
» Sw Tn'vithick'fl lftt<T, July libth, 1808, chap. ix. 
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increased speed in the express trains between London 
and the North. Frequent notes from the manager urged 
the locomotive superintendent to actively carry out the 
wishes of the directors. To do this, the superintendent 
stood by his engine and fire men on a journey south 
from Carlisle. At the Lancaster station, when the 
engineman tested the state of the bearings by a slight 
toucli of the fingers, the leading axle-box caused them 
to emit a smell of burnt skin : buckets of cold water 
and some grease were hurriedly applied, and, at the 
guard's whistle, the train proceeded. Before many 
miles had been nm, the sounds of grinding friction 
gave warning of danger, followed by spurts of blue 
and white flame, with fizzing sparks from the axle- 
box. Holding out a little longer would bring the 
train to tlie Preston station without loss of time, 
where another engine was in waiting; the fireman 
instinctively stood near his brake-handle ; the engine- 
man, with his hand on the steam-regulator, watched 
anxiously the course of events; time had been kept; 
the innocent passengers went on rejoicing; and the 
directors, almost as ignorant as the public, pursued 
their policy of hard running. Tlie superintendent, on 
examining the engine, found that the bearing of the 
leading axle had been raised by friction to a welding 
heat, causing it to be wrenched from the axle, close to 
the shoulder or nave of the leading wheel; a small 
roundish knot, projecting from the shoulder, alone 
retjiined it in its i)lace, while the torn-off bearing was 
imbedded as a solid mass with the fused brass and iron 
of the axle-box. 

Al>out that time, the broad and narrow gauge com^ 
j)etition on the extension of the broad gauge to Chelten- 
ham, caused the Great Western Railway directors to 
travel from Paddington to Cheltenham and back in a 
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Bpecial train drawn by their new 8-feet wheel engine. 
The broad-gauge superintendent invited a narrow-gauge 
superintendent to ride on the engine with him. On the 
journey to Cheltenham, on a glorious day, a rate of 
fifty-five miles jin hour was run with comparative ease, 
sixty miles an hour with difficulty, and sixty-three miles 
an hour was the extreme limit. The dinner and speeches 
at Cheltenham were highly approved of, and the specials 
started on their rapid home journey. On rushing toward 
the West Drayton station, through blinding darkness, the 
broad-gauge superintendent hurriedly said, *' What's 
that ? " and closed the steam-regulator. A brief reply 
caused it to be again opened, and a sound, as from 
compressed space, together with a momentary glimpse of 
station-lights, indicated that a station had been passed. 
On inquiry the next day, it appeared that on the approach 
of the special train, a truck was being removed from 
the main line to a siding ; as it cleared the points, the 
red signal was turned off"; at the instant it had been 
seen as a confused sensation by those on the flying engine, 
which in another thirty seconds of time thundered by 
within an inch of the truck pushed by the station-men, 
who gazed on the receding tail-lights as scared men 
reprieved from annihilation. 

Many such hairbreadth escapes could be told by those 
who live on locomotives, and their narration might have 
checked the headlong race for speed, even when railway 
accounts were jobbed to cover the growing wear and 
tear of permanent way and stock from the ever-increas- 
ing weight and speed of the engines ; not, as the public 
suppose, for their comfort in saving an hour in a day's 
travel, but rather that profit may be made by successful 
competition. There has been a departure from Tre- 
vithick's story ; we must again seek him with his 
favourite high-pressures. 
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CHAPTER X. 

PARTNEBSUIP, AND EARLY HIGH-PRESSUBB ENGINES. 

" Dear Sir, " Tbedeoar Works, June 22,-1854. 

** I enclose you a tracing of the old paddling engine we 
have here. I am sorry my young man could not get the motion 
complete, but as you have better draughtsmen you perhaps 
could get them to finish one from this. The centres of the 
parallel motion are all given, and the dimensions of the cog- 
wheels ; there is no beam, only a cross-head, from which there 
is a connecting rod on each side of the cylinder, down to the 
crank of the driving wheel. The side beam of the parallel 

motion is a light casting. 

** Yours truly, 

" Thomas Ellis. 

** F. Trevithick, E»c[." 

" About the year 1800 Mr. Trevithick came to Penydarran to 
erect a forge-engine for the company. I was at this time over- 
looking the engines at Penydarran. I assisted Mr. Trevithick 
in the erection of the forge-engine. When this engine was 
finished Mr. Trevithick commenced the construction of a loco- 
motive. She was used for bringing down metal from the 
furnaces to the old forge. After working for some time in this 
way, she took a journey of iron from Penydarran down the 
Basin Road. On the journey she broke a great many of the 
tram-plates. After this she was used as a stationary engine, 
and worked in this way several years. The boiler was made of 
wrought iron, having a breeches tube ; the cylinder was about 
A\ inches in diameter ; the steam pressure about 40 lbs. to'the 
inch. The steam from the cylinder was discharged into the 
stack." » 

* ReooUectiotui uf Rees Jones, sco * Mining Journal,* (JctobtT 2nd, 1858. 
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'' Dear Sir, ** 2«^'' December, 1868. 

" The luill and puddling engine at Tredegar were made 
by Mr. Aubrv and my father at Penydarran. There was another 
at LLmeltliy, near Abergavenny, and several abcmt the collieries. 
My fathiT was employed in Penydari-an from 1800, when Mr. 
Trevithick put up the puddling engine and a blast-engine : there 
was also a winding engine worked by old William Richards ; he 
continued to work it for forty years. 

" Yours truly, 

** Thomas Ellis. 

•• F. Trevithu?k, Escj. 

** P.S. — The Penydarran winding engine wtis taken down in 
1855 ; the Penydarran puddling engine in 1854 ; the Tredegar 
puddling engine in 1850."^ 

The variety and practical perfection of mechanical 
combinations in Trevithick's patent of 1802 are in some 
measure due to his having before that time proved their 
suitability. 

His Cornish high-pressure steam portable engines of 
1798 and 1799 were extended to South Wales, one 
of whicli was erected about 1800 or 1801, for giving 
motion to the large haimner or rolls or other work in 
the puddling mill of Tredegar Iron Works ; remaining 
at work in 1854, when Mr. Ellis gave an outline 
description of it. 

Bees Jones, who worked as an engine-fitter at Peny- 
darran in 1794, says that Trevithick erected a forge- 
engine there alx)ut the year 1 800, and having finished 
it, commenced his locomotive tramroad-engine. This 
latter having worked for some time as a locomotive, was 
removed from the tramway and used as a stationary 
engine. The boiler was of wrought iron, with an 

' LetUT from Mr. 11ioina» Ellis* Uh March, 1869. 
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internal breeches or return fire-tube, working with steam 
of 40 lbs. to the inch ; discharging the waste steam into 
the stack. 
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Mr. Ellis' puddling engine at Tredegar, the Peny- 
darran puddling engine, a blast-engine, a winding 
engine worked by William Richards for forty yearn, 
an engine erected at Llanelthy, and several about the 
collieries; these continued in constant use for fifty or 
more years. 

The Tredegar puddling-mill high-pressure puffer- 
engine was comparatively of large size ; the regulating 
cock and four-way cock, blast-pipe in the chimney, feed- 
pump, fire-place, and flues, are not shown by Mr. Ellis, 
and therefore I have not ventured to draw them. The 
practical engineer will readily discern the positions 
they occupied. 

The wrought-iron fire-tube ; the steam pressure 50 lbs. 
to 100 lbs. to the square inch ; the used steam " puffed 
through a blast-pipe, up the wrouglit-iron chimney, 
heating the feed-water in its passage through the feed- 
cistern ;" the external boiler of four cast-iron cylinders 
bolted together, and a kind of box at one end, in which 
the cylinder was fixed ; a cross-head and two side rods 
giving motion to the cranks, the piston-rod kept in 
its proper course by a rocking-beam parallel motion, 
are parts of a whole, not one of which is found in a 
Watt engine. In 1837 the writer lived near this 
engine, and frequently saw it at work ; the blast was as 
useful as in the locomotives then in the writer s charge. 
The old engineman said it had never been altered 
since its first erection, and had never given any trouble 
or required any repairs worth mentioning, though 
working night and day ; the boiler was easy to fire and 
gave plenty of steam ; one engineman attended to the 
varying demands of power and steam supply. The 
same general principles may be traced in the drawing 
of the * Catch-me-who-can * of seven years later, the 
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most marked difference being that the locomotive had 
piston-rod guides as they still have, while the puddling- 
mill engine had a rocking-beam parallel motion. 

" We have an account of a trial of a small high-pressure 
engine made in 1804, in Wales, to ascertain its powers to raiso 
water. The cylinder was 8 inches in diameter, and 4^feet 
stroke. It worked a pump l&J inches in diameter, and 4i-feet 
stroke, which raised water 28 feet high. It worked at the rat^ 
of eighteen strokes per minute, and consumed about 80 lbs. 
of coal per hour. This when reduced is about 17^ million 
pounds raised 1 foot high for each busliel of coal. 

'* Many provisions have been made to guard against the 
bursting of high-pressure steam-boilers by Mr. Trevithick, wlio 
first brought the liigh-pressure engines into use. At first he 
proposed enclosing the safety-valve in such a manner that no 
one could get access to it to increase the load beyond what was 
intended to be employed. Secondly, he drilled a hole in the 
boiler, which he plugged up with lead, at such a height from 
the bottom that the boiler could never boil dry without ex- 
posing the lead to be melted, and consequently making an 
opening for the steam to escape."* 

The engine described by Rees was very similar to 
the locomotive referred to in Trevithick's letter as 
applicable to various purposes,* for locomotion or for 
pumping, working with 80 lbs. of steam to the inch, 
having a locked safety-valve, and soft-metal plug on 
the boiler. A portion of the boiler of one of those 
engines may be seen at the Kensington MuBCum.' 

Mr. (Jrawfthay believed that Trevithick's Welsh 
tramroad-engine had a wrought-irou boiler and two 
cylinders, and certainly such an engine was confitructed 
nt Penvdarran about that time : whether or not it was 

' See Rce»* ' Cyclonipdia/ published 1819, under the word Stcam-Eogine. 
'* See Trevithick's letter, Febniary i»Oth, 1W»4, and March 4th, chap. ix. 
* See chap. ix. 

vol.. I. q 
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first used as a locomotive, it worked for some twenty 
years as a hammer-mill engine, and then for about 
thirty years as a pumping or winding engine in sinking 
shafts in coal-mines, after which, in 1850, a plate was 
cut out of the wrought-iron boiler, having two holes 
which served for fixing the cylinders, clearly showing 
the use by Trevithick at that early date of double- 
cylinder engines. 

Rees's account of one of Trevithick s high-pressure 
pufier engines erected in Wales to test its real and 
economical power as compared with the Watt low- 
pressure vacuum engine, shows that people did not 
believe Trevithick,^ or comprehend his engines. They 
could trust in an atmospheric or a Watt condensing 
engine of large size and cost, but not in a small thing 
put together by inexperienced workmen. Trevithick 
replied, " I'll show you that it is so." The locomotive 
engine was turned into a pumping engine, that they 
might measure the work done. The economical duty 
of this high-pressure steam-engine as compared with 
the Watt low-pressure vacuum engine is spoken of in 
another chapter.^ A small portable engine with an 
8-inch cylinder and 4 feet 6 inch stroke worked a large 
pump of 18i inches in diameter and 4 feet 6 inch stroke, 
raising the water through a column 28 feet high ; to 
perform this required a pressure of steam of from 80 
to 100 lbs. on the inch in the cylindrical boiler. 

In this history of sixty or seventy years ago, apply- 
ing only to one field of Trevithick's labours, we have 
puddling-mill engines, forge -engines, blast -engines, 
winding engines, pumping engines, locomotives, plan- 



* See Trevithick'R Irttrr, Angn»«t 22iid, lft02, chap. ix. 
' See chap. xx. 
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ishing- hammer engines, and shaft-sinking engines, 
with boilers of wrought iron and of cast iron, giving 
steam np 1o 100 lbs. on the inch ; double-cylinder ver* 
tical engines, and single-cylinder horizontal engines, 
working with beam and parallel motion or guides, with 
blast-pipe in the chimney — all more or less portable, 
and in no particular similar to tlie Watt engine. 

While the foregoing was being carried out in Wales, 
high-pressure engines were also erected in other 
places. 

£ It. d. 
" 1803.' April 9th. To preiniuni on Wm. Kinnian^s (J-horso, 

charged at 4-hor8e 50 8 

May 2nd. Miller and May, 5-hor8e 63 

„ „ George Rumeli, S-horse 75 12 

„ 23rd. Ja«. and Edwd. Sward, S-horse . . . . 75 12 

June 4th. Lloyd, O-horse 75 12 

„ „ Butt, Janiieson, and Ck>., 6-hor8e . . .. 75 12 

„ „ Anthony Harman, 3-hor8e 47 5 

May 2nd. JoBiaH Spoils, 12-inch cylinder, for Staf- 
fordshire 150 

„ 23rd. T. Turton, Esq., 20-inch cylinder, to be 

erected in Staflfordshire 315 

„ 28th. Lord Dudley and Ward, for a whimsey 420 

June 6th. John Morris, Ksq., a whimsey .. 262 10 

Aug. 6th. (leneral Ikrthani, for Deptford l>ock- 
yard, 14-hor8e, to he erected as per 

agreement 750 0" 

In 1803 the Goveniment adopted the new invention, 
Lord Dudley erected a high-pressure whimsey within 
sight of Soho, two others were erected in Staffordshire, 
and many of Trevithick's first high-pressure steam- 
engines were made at Coalbrookdale, Bridgenorth, and 
Stourbridge, not far from Soho. 

The earliest of Mr. Watt's steam-engines giving 
rotatory movement were erected in 1784:* those used 
the sun -and -planet wheel ; and though the crank , in 

a fiteam-enginfe had just then been patented, Wattjpi 

■ ■ • * • • 

' Kxtrart from Andrew Vivian'M account-hook. 
^ * Mu'hanitV Magazine,' August 30t!i, IH23. 

H 2 
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opposition to apply it in engines made at Soho caused 
its use in a steam-engine to be an unknown thing in 
Cornwall when Trevithick constructed his first high- 
pressure models with cranks. The difference between 
a low-pressure vacuum Watt rotatory engine and a 
high-pressure steam Trevithick was, that the former 
had stone foundations, beam and parallel motion, con- 
denser and condensing water, and a large boiler. The 
latter had none of these things; it was self-contained 
and portable, and but one-third of the size or cost of 
the low-pressure of equal power. 

Trevithick, Andrew Vivian, and William West were 
partners in the patent of 1802. Trevithick was the 
general correspondent, ready for all comers, promising 
advantages, talking away difficulties, and supplying 
engines from strange, untried workshops, to be paid for 
when convenient. Vivian was the commercial man. 
West was a sensible, steady-going mechanical man, 
ready to make good his promises to the letter, but 
somewhat obstinate. Such men under such circum- 
stances could not continue to work in agreement. The 
large sphere of application of the high-pressure portable 
engine could not be grasped by three men destitute of 
workshops, or satisfactory means of construction or 
supply; and the patent laws were no better than a 
broken reed for support. 

Vivian's account to November, 1804, shows that in 
the short space of two years since the date of the patent 
they had received 1250/. as patent premium on the new 
high-pressure engines erected. The expenses had been 
1097/. Mr. Samuel Homfray had apparently just joined 
the company. 



£ 
Premiums received .. 1250 
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Extracted from Andrew Vivian's accounts : — 

" Dr. Cb. 

£ 8. d. 

1804. Expenses 887 1 7 

Nov. 25. By allowance for time 

to this day .. .. 100 

„ By on account of dis- 
bursements since 
Mr. Homfray is 
concerned, to bo 
settled next account 100 

„ By Mr. Harvey, bill 
for a new cylinder, 
&c 9 18 9 



1097 4 
Balance .. .. 152 19 8 



£1250 



Richard Trevithick two-fifths, 
Andrew Vivian two-fifths, 
William West one-fifth." 

In May, 1805, Vivian was in London negotiating the 
sale of his share in the patent. Trevithick, then occu- 
pied in breaking away the rock in the Thames near 
Blackwall, was to give Sir William Curtis another offer 
of Vivian s share for 4000/., with an additional 1000/. 
if the threatened patent lawsuit with Dixon went in 
favour of the patentees. 

" Mb. Trevithick, " Camborne, May 22, 1806. 

" Dear Sir, — I have yours of the 18th instant, for which 
I am much obliged. It found me in a most melancholy situation. 
I returned from London here on Tuesday evening, between five 
and six o'clock, and found my iK>or Andrew much weaker than 
when I left him. He rejoiced to see me, but soon told me that 
we were soon to part to meet no more on earth ; and after 
taking the most affectionate leave of all, he said he had given 
up the world, and all that was therein, and resigned himself to 
will of that God who gave him life. About three or four 
o'clock the next morning the Almighty was pleased to take 
him. The dear boy was perfectly in his senses, and appeared 
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to leave the world without pain. Tin's has been a sad stroke to 
me, and have scarcely been able to write a letter since. My . 
poor wife is still very unwell, and so is the infant child. 

" Had I not been so much in want of money at this present 
time, would not part with my share in the patent for the sum 
you have offered it at ; but my circumstances at present oblige 
me to do what, in other circumstance, I would not. 

" If there is any risk at all in going to law with Dixon, why 
not avoid it ? It is certainly very easy to make a friend of him, 
as the non-existence of the patent can be but of little con- 
sequence to him. 

** My finances at present oblige me to empower you to make 
another offer to Sir William Curtis ; that is, my share as it now 
stands, for 4000/., and to receive the other thousiind if you 
succeed against Dixon. But should it not come to a trial, 
the last-mentioned thousand to be paid at the expiration of 
one year. 

"I have not seen my brother Henry since the receipt of 

yours, and shall write you on the other parts of your letter in 

a few posts. 

** And am, dear Sir, 

** Your most obedient servant, 

"And"*" Vivian. 

" Your dear family are all in good health. I hope my dear 
friend will do all in his power to serve me, and that if money 
cannot be obtained for my share, he will do his best endeavour 
to get about 2000Z. some other way. Farewell. 

** Should you want my assistance on the Rock, I will willingly 
assist you merely as a friend, without sharing the profits." 

•• Mr. TrEVITHICK, " Cambobnk, July 1, 1805. 

" Dear Sir, — I have yours of the 27th instant^ and am 
much grieved at the relation of all your distresses, and for my 
own part, will not agree to give that rascal Davey an inch ; and 
must beg of you not to make it up but on very good terms, for 
•1 would rather lose 502. than the fellow should go unpunished. 
But shall leave it entirely to y<»u, and have no objection to 
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bring it into court again ; but hope that will not keep you in 
town ; if it is likely to, would rather you should make it up, 
but certainly ho must pay very handsomely for your false 
imprisonment. You are a genUeman of too much consequence in 
the world to be trifled with, and your time must he valued high. 

*' Your dear family are all well and anxious to see you, and 
mine also. 

** Dolcoath is better and better, but cannot say so of Bimier 

Downs, though I believe more than paying cost I suppose 

Cardell and Co. have a demand on us, but suppose that will be 

demanded through Edwards. I am not sorry that Babey has 

given up the trial of the patent ; and I think it would be right 

for us to propose to refer the business of his demand and our 

set-oif to some one, two, or three respectable persons. This 

you may do without advising with Mr. Homfray, as he is not 

concerned in this part of the dispute, and the other demand 

for patent premium may be left out of the present question. 

Pray give this a full thought, and act upon it as your better 

judgment may dictate. With hopes of hearing from, and 

seeing you soon, 

" I remain, dear Sir, 

'* Your obedient servant, 

"And"'- Vivian. 

** Can you with any propriety say anything to Sir William 
Curtis about purchasing my share now Babey has ^ven up 
thoughts of attacking the patent ? " 

The difficult task of introducing a new thing was 
increased by legal questions in maintaining the patent 
right. Bascal Davey had had a trial with Trevithick, 
and put him in prison, but apparently on false grounds, 
and therefore ought to be made to pay handsomely for 
so trifling with a man of such great consequence to the 
world at large. 

Rabey also threatened to contest the patent right for 
the high-pressure steam-engines. Homfray was then an 
interested party, but Vivian thought Homfray had 
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nothing to do with the particular engine on which 
Rabey had raised a question. 

This was one of the weaknesses of so all-embracing a 
patent. The high-pressure steam-engine was new, and 
so were the particular engines drawn and described in 
the patent ; but Trevithick adapted them to all require- 
ipents, many of them of a form and detail not shown 
in the patent: such a course opened a door for litiga- 
tion, even though the engines were covered by general 
terms in the patent, for such and similar purposes, and 
all on the principle of high steam. ^ Dixon refused to 
pay patent right, because "the words in Mr. Watt's 
specification are enough to indemnify him." 

The supplying engines to all applicants, through 
numerous makers, and trusting to their honesty or judg- 
ment for payment of the patent premium, continued for 
a year or two longer, when, in 1807, Mr. Homfray, 
who had from the first Welsh experiments a watchful 
eye, if not a pecuniary interest, in Trevithick's labours, 
came forward as a leading shareholder, having bought 
Vivian's interest, and negotiated for Trevithick's. 

The following papers, illustrating this arrangement, 
were kindly supplied by my friend Mr. Bennet Wood- 
croft. 

'* Gentlemen, ** Penydarran Place, May 31, 1807. 

'* On my return home I find your favour of the 25th 
inst. It's impossible for me to say if Mr. Trevithick has done 
any act to encumber the property he has in the engine concern, 
over which I hold the control by a deed of assignment. 

" So far as concerns me I can have no objection to his dis- 
posing of his share, provided I am not injured, and placed in 
a worse situation. I have no wish whatever to prevent him 
from selling and making the most of his share. There is an 



' S«e Trevitliick*! letter, January 5th, 1804, chap. xvii. 
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account now not closed between me and him which, by calling 
upon Mr. Bill, at No. 49, Rathbone Place, he can settle with Mr. 
Trevithick. Thore is likewise a notc-of-hand of Mr. Trevithick 
I now hold for 300Z., dated 4th January, 1801, which I shall of 
course sct-oflT against his account of patent-right as it comes 
due and I receive it. For any information you may wish 
respecting any legal forms necessary for the completion of 
Mr. Trevithick's sale, on my part I beg leave to refer you to 
Messrs. Strong, Still, and Strong, Lincoln's Iim. 

" I am. Gentlemen, 

" Yonr most obedient servant, 

(Signed) *'Sam'" Homfbay. 

'* Messbs. Blagrave and Walter. 

**N.B. — The account I believe is a small one, and eaedlj 
adjusted ; and the note-of-hand I could endorse to your clients, 
which they could charge to Mr. Trevithick as so much of the 
purchase-money, and they pay that sum to me. — S. H." 

*' Mr. HomFKAY, " I^ndon, June 26, 1807. 

'* Sir, — The transfer deed is ready for executing, and as 
it is necessary that you should put your signature to it, have 
sent it you for that purpose. Hope you will be so good as to 
execute it and forwani it to Mr. West for his signature also. 
I owe you some patent premium, and wish to settle mv account 
with you as early as possible, therefore would thank you to 
send me a copy of your account with me from the beginning, 
and authorize Mr. Bill to settle it with nie on your behalf, 
i^lease to forward this business, as I am about to leave tovm. 

** I am, Sir, your very obedient servant, 

(Signed) "R^* TBEVixmcK. 

" Plough Inn, Kidney Stairs, Lirrwhoute.'^ 
" SiK, *' liOSDON, September 11, 1807. 

** This is to certify that I have sold to yon two-fifths 
of a sugar-mill, now on the premises of Mr. Geo. Bowdej0, 
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Blackfriars Koad, the alx)ve share being all my interest in it, 
for which I have received from you a valuable consideration. 

" I am, Sir, 

'* Your very humble servant, 

(Signed) "Rich'^- Trevithick. 

" Messrs. Haynes and Douglas, 
" Tottenham Court Road^ 

Mr. Samuel Homfray was an influential man of 
business in the Welsh Iron Works, and had taken an 
active part in the construction and trial of the Welsh 
locomotive and other of Trevithick's engines. 

The accounts to February, 1807, show that the patent 
premiums received a little more than covered the ex- 
penses. To February, 1808, a profit of 254/. 155. 5c/. was 
to be divided among four shareholders : Mr. Homfray, 
five-tenths ; Mr. Trevithick, two-tenths ; Mr. Bill, two- 
tenths ; Mr. West, one-tenth. Andrew Vivian's share 
had been purchased by Mr. Bill. 

Homfray went to various places to make the high- 
pressure engines known, lawyers* bills were paid, 
amounting to a quarter part of the whole premium- 
money received, Mr. Homfray hesitated to affix his 
name t© the required legal documents; and on his 
still declining, Trevithick sold to Messrs. Haynes and 
Douglas his two-fifth share of the patent in a sugar- 
mill. 

" Gentlemen, ** Pbktdabban Place, April 23, 1808. 

" In a letter I have received from Mr. Bill, he mentions 
you have not received the letter I wrote from Messrs. Strong 
and Still's to you, which fully answered your wishes as to my 
not calling upon you for more money for supporting the patent 
than you had expressed to Mr. Bill, and which he mentioned 
to me. The letter answers every purpose as though I had 
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sigued the deed. If you have not received it, some mistake 
must have happened, and if you will call at Messrs. Strong and 
StilFs, they will show you the copy of it. 

**I have an objection to the signing of deeds where a number 
of parties are concerned if it can be avoided (not more to this 
than any other), and especially where there appears no kind of 
necessity for my signing. 

** From letters I have received from Mr. Bill, who is now on 
a journey, I am in hopes many engines wiU be ordered, and 
that we shall be put in a train of getting some return of money 
for the great trouble and expense I have been at in introducing 
the engines, which are now beginning to be generally under- 
stood. Our largo engine here goes on wonderfully weU; and 
at any time it suits your convenience to come into this part of 
the world, I shall be happy to show it you. 

" I remain, Gentlemen, 

'* Your most obedient servant, 

"Samuel Uomfray. 

" Mehkks. Hayneh and Doug la h.** 

** Gentlemen, " Pentdabran Place, 24<A Septtmber, 1808. 

*' I feel some concern on account of the state of Mr. 
Bill's health, which, when he wrote last to me from Deal, was 
so indiflerent tliat, by the advice of a physician, he was down 
there for sea-air ; and he mentioned that if his health did not 
improve on his return to Liondon in a week's time, that he 
thought he should detdiue the conduct of the engine concern. 
I have written several letters to him, and wished for some infor- 
mation in answer, and as he is silent, and the time of his return 
to London passed, I am fearful he is very ill. I therefore take 
the liberty of addressing yon (being interested in tlie concern), 
and will be obliged by your informing me if Mr. Bill is in 
London, and if so, what state of health he is in ; and if he 
has mentioned to you that he has thoughti4 of giving up the 
agency. I wish, likewise, you to say, if there is anything in 
the report of the Racing Engine being carried into effect, and 
if so, at what time, and the jiarticulara of the bet, &c., as if it 
is to take place, I shall be very much inclined to see it. I have 
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the satisfaction to say all the engines go extremely well ; and 
the packing of our large engine has not been -renewed for 
upwards of four months, and it is unknown how much longer 
it will go, it being now as good as new. By letting a small 
quantity of water drop constantly into the stufiBng box, it runs 
down the rod upon the piston and keeps the packing moist. 
I have written this to Mr. Bill. 

" I am, Gentlemen, 

*' Your obedient servant, 

(Signed) "Samuel Homfray. 

" Messrs. Haynes and Douglas, 
" Tottenham Court Ho^nly Londoyt.^ 

Such were the pecuniary and legal difficulties attend- 
ing the introduction of even a good thing. Mr. Hom- 
fray was willing to share in the profits of the specula- 
tion, but disliked partnersliip, though he could not get 
on without Trevithick ; while Mr. Bill failed to keep 
matters square, and wished to give up tlie agency. 

Trevitliick had not thought it worth while to inform 
bis late friend of his having constructed the " Racing 
Engine" and London railway; and judging from the 
accounts, Trevithick, the inventor, and West, the inge- 
nious workman, reaped the smallest share of profit for 
their largest share of the work. 

In the six years following the date of the patent, 
from Mr. Bill's accounts, a hundred persons had used 
the new engine, comprising the Grovernment, business 
companies, men of rank and influence, and men of 
science, living in various parts of England, Each par- 
ticular engine required adaptation to its special work, 
and had to be constructed under every disadvantage of 
few -and -far -between manufactories, little better than 
what may now be seen in every small provincial town, 
and known as casting foundries. 
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Watt and Trevithick were rival engineers, working 
on totally different principles : the one constructed his 
engines so as to use the pressure of steam to expel 
the atmosphere, introducing it solely as a means of 
producing a vacuum as his motive power; whereas the 
other utilized the steam as a motor, and only used the 
vacuum when convenient. 

Hyde Clarke, who knew Trevithick, and whose father 
was intimate with him, wrote : — 

" The introduction of Trevithick's improvement gave in- 
creased power to steam, and it is of that importance that 
Stuart — no mean authority on historioal points, and not likely, 
from national sympathy, to underrate low pressure, or over- 
rate high pressure — is inclined to date the era of the steam- 
engine from this invention.^ In the establishment of the 
locomotive, in the development of the powers of the Cornish 
engine, and in increasing the capabilities of the marine engine, 
there can be no doubt that Trevithick's exertions have given a 
far wider range to the dominion of the steam-engine than even 
the great and masterly improvements of James Watt effected 
in his dav." 



William West, in his disappointment at not being 
made rich by his share in the patent, became a clock 
and watch maker, and produced the best timekeepers in 
Cornwall, called West's chronometers ; but he failed to 
comprehend Trevithick's account-keeping. 

•» Snj, ** ^T. IvE«, 7th September, 1815. 

" Your ill-tempered letter I received, and think you 
conclude on very threatening terms. Now, sir, in the first 
instance, what right have you to make me debtor to you for 
40/. received of Wood and Murray ? I hold a copy of your 



' * Ilisturical and Descriptive A ncc- 
daira of the Steam-Engine/ )>y H. 
Stuart ; * lUilway Regi»t4T,' Feliriiaiy, 



1H47 ; ' lUilway Prejudices and Hail- 
way Pnigrefw,' hy Hyde Clarke, Esq. 
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" Your humble, 

Tliii I'liMiilt to ilio iiciive agcntH of this most compre- 
ImiiMivii piilntil of 1K02, making practical the high-pres- 
Mimt Mtimtn*nti){inn and the locomotive, was years of 
hilioiii' without rowanl, annoyance and dread from ill- 
ilnlhinil paliHit Ihwn, antl ill-will and loss of friendship 
JNitwiMMi all ihi^ nuunlK)rN, wIioko early acquaintance had 
Itnl In nititnal roNpivt and ONtcHMu. 
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CHAPTER XI. 



HIGH-PBE8SUBB 8TEAM-DREDGEB. 



The late Mrs. Trevithick said that her husband was 
good-tempered, and never gave trouble in home affairs, 
satisfied with the most simple bed and board, and always 
busy with practical designs and experiments from early 
morning until bed-time. He sometimes gossiped with 
his family on the immense advantages to spring from 
his high-pressure steam-engines, and the riches and 
honours that would be heaped on him and his children, 
but thought little or nothing of his wife's intimations 
that she barely had the means of providing the daily 
necessaries of life.' 

Captain John Vivian, at the period of steering the 
London common road locomotive in 1803, "saw Trevi- 
thick breaking the rock at the East India Dock entrance 
to the Thames at Black wall ; using a water-wheel 
worked by the tide, and also a small high-pressure 
engine for driving or turning large chisels and borers, 
and other contrivances for breaking and clearing away 
the rock to increase the depth of water."* 

A little more than thirty years ago, the writer lodged 
in the house of a Mr. and Mrs. Bendy, at Slough, who 
took an especial interest in his comfort, because he was 
the son of the inventor of the steam-dredger and the 
locomotive. 

Mr. Bendy had worked on the first stvam-dredger, 

» Soo Trevithick's letter, May 2na, 1803, chap. ix. 

- Stntoment by (*fipUin John Vivian in 18(59 residing at Hayle. 
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and thought that Mr. Trevithick was unkindly and 
unfairly treated, for the machinery was complicated, 
and when anything had gone wrong he perhaps spoke 
sharply to those ahout him. The ballast-men on the 
Thames did everything they could to prevent the use 
of the steam-dredger ; and there were other more secret 
enemies, who offered Mr. Bendv a bribe to so fix the 
particular work in his cliarge as to cause a breakage. 

Things went very well for several days after the first 
putting to work of the steam-engine dredger, and then 
there was a breakage, caused by a nut jammed in the 
cog-wheels : many believed it was purposely done. 

The following letter was written twelve years after 
those conversations : — 

" Dear Mil Thkvithkjk, '* ^'ov, sth, i84o. 

" I will furnish you with all tlie particulars I recollect 
respecting the dredger-engine and machinery made by your 
father for Mr. Bough. It was fixed in the year 1803, and was 
ulttTcd by Mr. Deverill (the patentee of the double engine) in 
the year 1805. Tho cylinder wtvs 14^ inches in diameter, the 
stroke 4 feet, the chain-ladder 28 or 30 feet. The largest 
quantity of stone and gravel lifted in one tide was 180 tons. 
The reiuson for using the word stone is from its being part of 
Blackwnll rock. The engine was cast at Hazeldine's at Bridge- 
north, but finishrd at Mr. Kowley's factory in London, by some 
men from Cornwall, and a part of the machinery by Jackson, a 
Scotch millwright. Tho working time between tides was from 
six to eight hours, in from 14 to 18 feet of water, at the en- 
trance of the East India Dock. The expense of the engine 
and machinery, a little more thnn 2000/. I should think the 
time she worked was about ten or eleven years. 

** The other engine you mentioned was the pro[)erty of the 
Trinity Company and Government, but by whom made I cannot 
ascertain. It was worked in the river, near Woolwich entrance 
dock-gates, but not to much account, only lifting mud to clear 
the entrance. No new materials wove taken there 1)V Mr. 
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Deverill; all that was done wns to refix the old, and repair 
the engine. This engine was the same size as that fixed in 
London to run round the circle, at the speed of fourteen or 
fifteen miles per hour, commonly called locomotive engine. 

** Yours trul)% 

." T. Bendy." 

Trevithick having seen his engine boring and dredg- 
ing on the Thames in 1803, went to Wales to super- 
intend the tramroad-engine of 1804, then to Newcastle* 
on-Tyne with the railroad-engine, and in the early part 
of 1805 he was again with the steam-dredger and rock 
breaking at Blackwall/ 

Mr. Bendy says 180 tons of stone and gravel from 
the Blackwall rock were raised in a tide of six or eight 
hours, from a depth of 14 or 18 feet. 

This rock breaking and dredging in deep water was 
a severe test for a new invention ; and the Trinity Board, 
seeing its usefulness, engaged with Trevithick to erect 
and work steam-dredgers in other parts of the river. 

In February, 1806,^ he was about .entering into an 
engagement for twenty-one years with the Trinity 
Board to lift ballast from the lx)ttom of the Thames, at 
the rate of 500,000 tons a yeiir, for a payment of six- 
pence a ton. Dredging luul been done by hand for 
about eightpence a ton ; but the required quantity could 
not be laised by men working small dredge-bags at- 
tached to long poles.-' 

In May, 1806, his partner in tlie patent wrote : — ** I 
am very happy to find that you have so far continued 
your agreement with the Trinity gents. I think the 
bargain is a good one ; must still beg leave to remind 

* S*-*- Andrew Vivian's letter, 22ml May, 1M)5, diap. x. 
'' Sre Trpvithick'n l«ttcr, FeWnary IKtli, IWMi, chap, xviii. 
^ Si-i- Tn-vitbirk'n lett<T, Manh Ub, IS(>^;. rhap. xviii. 

VOL. I. R 



242 HIGU-PRESSURE STEAM-DREDGER. 

you not to proceed to show what your engine will do, till 
the agreement is fully drawn up and regularly signed." * 

In July, 1806, Trevithick wrote :—" This day I set 
the engine to work on board the ' Blazer,' gun-brig. It 
does its work exceedingly well. We are yet in dock, 
and lift up mud only. I hope to be down at Barking 
shaft in a few days, at our proposed station, when I 
will write to you again. I think there is no doubt of 
success."^ An account-book in Trevithick's writing, 
headed " Expenses on the ballast machine from 1805 to 
1807,'' shows that those ballast-dredging engines, like 
the earlier dredging engine at the Blackwall rock, came 
from the Bridgenorth Foundry, and many of the me- 
chanics erecting it came from Cornwall. One of the 
engines was fixed in the ' Blazer,' the other in the 
' Plymouth Barge.' 

Watt honoured Trevithick with a visit to inspect the 
steam-dredgers, having been introduced by Mr. John 
Rennie, of whom Smiles wrote : — *^ What is called the 
Humber Dock was begun in 1803 and finished in 1801). 
It was in the course of executing the Hull Harbour 
Docks that Mr. Rennie invented the dredging machine 
as it is now used. Mr. Rennie carefully investigated 
all that had previously been attempted in this direction, 
and then proceeded to plan and construct a complete 
dredging machine, with improved cast-iron machinery, 
to which he yoked the power of the steam-engine."^ 

Rennie's investigation prior to invention probably 
refers to what he saw Trevithick doing, whose dredger 
is unmistakably described and delineated by Rees, 
though the inventor's name is omitted. 



• See Vivian's letter, May 30th, 180G, chap, xviii. 
» Sec Trevithick's letter, July 23rd, 1806, chap. xv. 
' * Lives of the Engineers,' by Smiles, vol. ii. 
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"The convicts at Woolwich upon the Thames perform the 
ballast heaving, or dredging, which they are condemned to 
labour at as a punishment : the above method of manual labour 
became so expensive, that a large machine, worked by horses 
or a steam-engine, is usually employed. Two such machines 
have been some time in use in the river Thames. It is erected 
in the hnlk of a dismasted ship. Plate VIII. : — A A, Fig. 1, is 
a frame of timber bolted to the starboard gunwale, to support a 
large horizontal beam, BB, Fig. 2; another similar frame is 
fixed up in the middle of the ship at D, Fig. 2, and the end of 
the beam is sustained by on upright post bolted to the opposite 
gunwale; the starboard end of the beam projects over the 
vessers side, and has an iron bracket, S, fastened to it, to 
support one of the bearings for the long frame, E E, composed 
of four timbers bolted together ; the other end of the frame is 
suspended by pulleys, aa; from a beam, F, fixed across the 
stem, the upper ends of the outside beams of the frame, E E, 
have each a stout iron bolted to them, which are perforated 
with two large holes to receive two short cast-iron tubes ; one 
fastened to the iron bracket, S, at the end of the beam, B, and 
the other to a cross beam of the frame, A. These tubes act 
on the pivots of the frame, E, upon which it can be raised or 
lowered by the pulleys, a a; they also contain bearings, for an 
iron axis, on which a wheel or trundle, O, is fixed, containing 
four rounds. Another similar trundle, P, is placed at the 
bottom of the frame EE; and two endless chains, kk, pass 
round both, as is seen in the plan. 13etween every other link 
of the two chains, a bucket of plate-iron, bbh,iB fastened, and 
as the chain runs round, the buckets bring up the soil ; a 
number of cast-iron rollers, dd, are placed between the beams 
of the frame to support the chain and buckets as they roll up. 
Four rollers, e e, are also placed on each of the outside beams, 
to keep the chains in their places on the frame, that they may 
not get off to one 8id(\ The motion is conveyed to the chains 
by means of a cast-iron wheel at G in the plan, wedged on 
tlie end of the axis of the upper trundle, O. The wheel is 
cast hollow, like a very short cylinder, and has several screws 
ta|»|H}d through its rim, pointing to the centre, and pressing 

R 2 
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upon the cirfuiufereuce of another wheel enclosed within tl 
hollow of the first, that it may slip round in the other wh€ 
any power greater than the friction of the screw is appliec 
the internal wheel is wedged on the same shaft with a lar^ 
cog-wheel, /, turned by the small cog-wheel, ^, on the axis 
the steam-engine. 

" The steam-engine is one of that kind called high pressur 
working by the expansive force of the steam only, withoi 
condensation, b is the boiler containing the fire-place an 
cylinder within it; i is one of the connecting rods; and 
the tty- wheel on the other end of the same shaft as tl 
wheel ff. 

"The pulleys, a, which suspend the chain-frame are reeve 
with an iron chain, the tackle- fall of which passes down throuo 
the ship's deck, and is coiled on a roller, as in the plan, an 
represented by a circle in the elevation ; on the end of tl 
roller is a cog-wheel, p, turned by the engine-wheel, ff; tl 
bearing of this wheel is fixed upon a lever, one end of whic 
comes near that part of the steam-engine where the coc 
which regulates the velocity of the engine is placed ; so th; 
one man can command both lever and cock, and by depressir 
that end of the lever, cause the wheel p to gear with ff, an 
consequently, be turned thereby, and wind up the chain of tl 
I pulleys; ^ is a strong curved iron bar bolted to the vessel 

side and gunwale, passing through an eye bolted to the fram 
E, to keep the frame to the vessel's side, that the tide or oth( 
accident may not carry it away. 

" A large hopper or trough is suspended beneatli the wheel, 
• by ropes from the beam, B, into which the buckets, fefei, empt 

the ballast they bring from the bottom ; the hopper conveys 
into a barge brought beneath it. Tins hopper is not shown, i 
it would tend to confuse parts already not very distinct. Tli 
motion of the whole machine is regulated by one man. 

"The vessel being moored fast, the engine is started, an 
I turns the chain of buckets ; tlic engine tender now puts h 

foot upon a lever, disengages the wheel p from ff ; and h 
another takes off a gripe which embraced the roller w. Th 
allows the end, E, of the frame to df^scend, until the bucke 
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on the lower half of the chain drag on the gn>und, ns shown 
in Fig. 1, when he 8to|>s the further descent by the gripe. The 
buckets are filled in succession at the lower end of the frame, 
and brought up to tlie top, where they deliver their contents 
into the hopper before mentioned; as they take away the 
ballast from the bottom, the engine tender lets the frame E 
ilown lower by means of the gripe-lever, and keeps it at such a 
height that the buckets come up nearly full. If at any time 
the buckets get such deep hold as to endanger the breaking of 
the chain or stopping the engine, the coupling box at C, before 
described, suffers the steam-engine to turn without moving the 
chain of buckets, and tlio engine tender pressing his foot upon 
the lever which brings the wheel p to gear with g, causes the 
roller n to be turned by the engine, and raise up the frame E, 
until the buckets take into the ground the projier depth, that the 
friction of the coupling box at C will turn the chain without 
slipping in any considerable degree. 

"The steam-engine is of six horses' power, and is so expe- 
ditious that it loa<ls a small barge with ballast in an hour and a 
half." » 

Trevi thick's expeditions steam-dredging engine was 
'•of that kind called high pressure, working by the 
expansive force of the steam only, without condens- 
ation," very like Mr. Wilson's description of the New- 
castle locomotive engine, for in principle if not in 
outline the two engines were alike. 

If Hcnnie commenced his dock ojxjrations in 1803 
Trevithick was then breaking and clearing the rock 
from the dock entrance to the Thames at Blackwall, 
when Captain John Vivian gave his spare days to ride 
on the London common road locomotive, and to the 
works at the dredger. In 1805, while the dredger was 
still going on,' Rennie's report to the directors of 



» IU«8' • CycloiwHlia/ publi«h»l IHIO. 
• See Vivian's letter, May 22ii<l, cliap. x. 



246 HIGH-PRESSURE STEAM-DREDGER. 

the Thames Driftway was put aside, and Trevithick 
was appointed as the engineer;* in 1806 the dredgers 
were in full operation, or the Trinity Board would not 
have proposed a contract for a term of years ; and in 
1807 he was still in daily attendance on the dredging 
schemes :^ thus for several years, during the most in- 
ventive and active period of his life, did he give his 
time to the perfecting the steam-dredger. 

This machine is memorable as the first steam-dredger, 
and also as leading to the locomotive of 1808 ; and, like 
many other of Trevithick's practical inventions, was 
near perfection at birth. Hundreds of steam-dredgers 
are now at work throughout the civilized w^orld, and 
although their construction has occupied the time and 
knowledge of numerous practical engineers during a 
period of more than sixty years, yet this first produc- 
tion is the type of them all. 

The small and compact high-pressure steam-puffer 
engine w^as placed in a wooden house ; a main shaft 
extending over the side of the boat gave motion to an 
endless chain of dredging buckets kept in the required 
position by a long wooden frame, having a roller or 
guide-wheel at its lower end, round which the re- 
volving chain of buckets passed, and this end of the 
frame was raised or lowered at will, causing the lower 
sweep of the chain of buckets to press with greater or 
less weight into the bed of the river, and thus cause the 
buckets to raise a greater or less quantity of mud or 
gravel. The chain and loaded buckets in going up the 
incline formed by the wood frame passed over rollers 
in order to lessen the friction ; on passing the top of 
the incline the buckets turned short round over a guide- 

* Rcix)rt of (lirecUTs of thr Thames Driftway, June IHO,"), cliap. xii. 

• S<«e Trevithick's letter, Auj,'U8t 11th, 1807, chap. xii. 
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wheel, similar to that at the bottom of the frame, with 
their bottoms upwards, causing their contents to fall 
into a barge or guide launder as was most convenient 
for the disposal of the ballast. The wheel giving 
motion to the bucket-chain was not wedged fast to the 
driving axle, but was bored to fit loosely on the turned 
part of the axle, or rather on a turned cylinder fixed 
firmly on the driving axle. Tightening screws in the 
bucket-wheel with their inner ends pressing on the 
cylindrical driving axle formed a friction band, and 
should the buckets have come in contact with an im- 
usual obstruction, allowed the driving axle to revolve 
while the obstructed bucket-wheel remained stationary. 

Another safeguard was provided by the rope from 
the blocks supjx)rting the lower end of the bucket- 
frame being connected with the engine, enabling the 
engineman without moving from his station at the 
engine to raise or lower the bucket-frame by putting 
his foot on a lever. " The steam-engine was one of 
that kind called high pressure, working by the expan- 
sive force of the steam only." "It is of six horses* 
power, and is so expeditious that it loads a small barge 
with ballast in an hour and a half." The steam-engine 
and dredging machine w^ere so admirably arranged 
that " one man can command both lever and cock for 
regulating either the machine or the steam-engine.** 
The feed-pump was worked with a lever, giving a 
shorter stroke to the feed-pole. The position of the 
engine is seen in the drawing of the dredger boat; 
the detail of the engine is in chap, ix., that it may 
illustrate the progress of locomotion, for similar engines 
served both purposes. 

A letter by Trevithick, yejirs after the event, cor- 
roborates the work done by those dredgers. 
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« SlRj " C'ambornb, 4:th February, 1813. 

" I have your favour of the 2Qd inst. respecting an engine 
for lilting mud from the bottom of Falmouth Harbour. 

" I made three engines with machinery for lifting mud at the 
entran(?e of the East and West India Docks, and also for 
deepening the water at the men-of-war's mooring ground at 
Woolwich. One of these engines was a 20-horse power, erected 
on an old bomb-ship of about 300 tons burthen, which machine 
cost (exclusive of tlie ship) about 1600Z. 

" This engine would lift and put into barges near 100 tons of 
mud per hour. Another engine of lO-horse power I erected on 
board an old gun-brig of about 120 tons burtlien, which cost 
(exclusive of the vessel) about 1000?., which lifted about half 
tlie quantity of the large one ; and another engine of lO-horse 
power I erected on board a barge of about 80 tons burthen. 

•* Unless the mml will pay for bringing on shore for manure, 
I should think that a better plan than this might be adopted to 
clean the harbour. 

*' I remain, Sir, 

" Tour very humble servant, 

'* KiCHD. Trevithick. 

'•John Gould, Jun., Ewj., Penrynr 

The first steam-dredger at lilackwall succeeded, or 
two others would not have been constructed. One 
dredger with the 20-horse-power engine lifted and placed 
in barges near 100 tons of mud per hour, making good 
his promise as to quantity. Others were used to deepen 
the entrance to the East and West India Docks, and 
also at the man-of-war's mooring ground at Woolwich, 
in such deep water as fully proved the correctness of 
their design. 

The three engines and dredgers, exclusive of the 
vessels, cost 3600/., a less sum than such machines 
would now be made for. 
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CHAPTER XII. 

THAMES DRIFTWAY. 

When Trevithick was dredging in the Thames, the 
Thames Archway Company were anxiously seeking 
new plans and a new engineer ; not l^eing satisfied 
with the proposals of Mr. Rennie and Mr. Chapman 
they sought out Trevithick, who soon found himself in 
a position most trying, and unsuitable to his energetic 
temperament. 

** At an annual meeting of the proprietors on the 4th of May, 
1808, the directors refer to tlieir second meeting in June, 1805 : 
* That it appears to this meeting that the well constructing the 
driftway is of the highest im|K)rtance in tlie future progress of the 
works, involving in it the success or failure of the undertaking. 

" * That, therefore, the works relating to the driftway be sus- 
pended until the opinion of a professional man of eminence be 
taken on the various matters respecting it.' 

" Mr. Rennie and ]\[r. Chapman were accordingly consulted ; 
but as their opinions did not coincide, nor indeed were stated 
upon uU the points on wliicli tlie directors chiefly wished for 
information, they felt themscdvcs bound to resort to some other 
source ; and Mr. Trevithick was introfhiced to them by their 
resident engineer, Mr. Kobert Vazie, as a person skilled in 
mining. After a due examination into his character, as ap{)ears 
by the minutes of the directors, and having received the 
Htnmgest testimonies in his favour from several quarters as to 
his skill, ingenuity, and experience, the directors were induce<l 
to contract with him for su|)erintending and directing the 
exe<»ution of the driftway, such as ho proposed it to be ; for 
which they agreed to pay him lOOU/., provided he succeeded in 
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carrying it tlirough to the north shore ; or 500Z. if the directors 
ordered it to be discontinued in the middle, which they reserved 
to themselves the power of doing ; but to receive nothing in 
case he did not succeed. 

"The driftway was accordingly commenced on the 17th of 
August. 

" On the 5th of September following Messrs. Vazie and 
Trevithick, in a joint report to the directors, strongly recom- 
mended the immediate purchase of a 30-horse-power steam- 
engine. Tlie directors did accordingly purchase the same, and 
it is now ready to work. The driftway proceeded till about the 
beginning of October, when it appeared that the works had 
been very considerably interrupted and delayed in their progress. 
The directors therefore, on the 8th October, resolved to institute 
an inquiry into the cause ; and the consequence of tliis investi- 
gation and disclosure of facts was the removal of Mr. Robert 
Yazie from his oflSce as resident engineer, on the 19th October, 
by which time the drift had been extended 394 feet, that is, at 
the rate of 6 feet 2 inches per day, through a dry sand. 

" The works now proceeded without embarrassment, and with 
considerable less cost ; as from this time (the 19th October) to 
the 29th November, the ground continuing as nearly as possible 
of the same quality, it was extended 421 feet, or 11 feet 2 inches 
per day, which is nearly a double rate (deducting three days 
and a quarter that the works were suspended while the directors 
determined on the turn tlie drift should take). 

" From the 29th November to the 19th December the drift 
was extended only 138 feet, or 6 feet 10 inches per day, in con- 
sequence of the drift now running in a stratum of rock, great 
part of which was so hard that it could not be bniken up without 
the use of chisels and wedges. 

" By the 21st December the drift had proceeded 947 feet from 
the shaft ; and it was observed that the strata through which it 
passed dipped to the northward about 1 foot in 50, in conse- 
quence of which the rock that at one time formed the whole face 
of the breast, now only reached within 2 feet of the top, and 
which was occupied by a sandy clay, mixed with oyster and 
other shells, and containing some water. 
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*' On the 23rd, notwitlistanding the workmen were proceeding 
with the utmost precaution, the roof broke down and discharged 
a great quantity of water from a ({uicksand, which was afterwards 
ascertained to be about 5 feet 6 inches above the roof. 

"By the 26th January the drift was extended 1028 feet, 
having been worked through a considerable part of the quick- 
sand ; and at this period the river made its way into the drift 
by a fall of earth, which made a considerable orifice in the bed 
of the river, which has been filled up at several times with 
earth, carried there for that purpose, and the drift has since 
then been extended to 1040 feet, which is the present length 
of it. 

" liesolved, that the money paid or claimed by the engineers, 
Mr. Uennie, Mr. Wilcox, Messrs. Stobart and Buddie, Mr. 
Thomas Cartwright, ]\Ir. James Barnes, and Mr. William Chap- 
man, wlioni the directors have consulted with as to the prosecu- 
tion of the works, be allowed. 

"Resolved, that Mr. Richard Trevithick bo, and is hereby 
ap|X)inted engineer to the said company, and be directed to 
proceed forthwith with the works." 

At the second meeting of the proprietors in 1805 
(lifierenees had arisen between the directors and their 
engineer, Mr. Robert Vazie, on the nietliod of con- 
structing the driftway. Mr. Kennie and Mr. Chaj)- 
nian were called in to advise a plan for the guidance of 
the directors. Their advice was not approved of, and 
after much delay Mr. Vazie introduced to their notice 
Mr. Trevithick as a skilful miner <in(l engineer. This 
was about the middle of 1807. On the lOtli August, 
1 807, the directors engaged with him to make the pro- 
loosed driftway from the south shore of the Thames, at 
Kotherhithe, to half-way across the river, from which 
central point it was contemplated to commence forming 
the permanent tunnel, of the size to Ixi then deter- 
mined, either for foot-j)assengers ah»ne, or if the nature 
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of the work gave promise of success, to enhirge it suffi- 
ciently for the passage of carriages. 

" Mr. Giddy, "Limehousk, Ayyuat \uh, iso?. 

" Sir, — Last Monday I closed with the tunnel gents. I 
have agreed witli them to give tlieni advice, and conduct the 
driving the level through to the op{)08ite side (as was proposed 
when you attended tlio committee) ; to receive 500/. when tlie 
drift is half-wav throujirh, and 500/. more when it is liolcd on 
the opposite side. I have written to Cornwall for more men 
for them. It is intended to put three men on each core of six 
hours' course. I think this will be making 1000/. very easily, 
and without any risk of loss on my side. As I must be always 
near the spot, to attend to the engines on the river, an hour's 
attendance every day on the tunnel will be of little or no 
inconvenience to me. I \\o])Q nine months \\'\\\ complete it. 
From the recommendation you gave me, they are in great hopes 
that the job will now be accomplished ; and as far as Captain 
Hodge and myself could judge from the ground in the bottom 
of the pit, there is no doubt of completing it speedily. I am 
very much obliged to you for throwing this job in my way, and 
shall strictly attend to it, both for our credit as well as for my 
own profit. 

** 1 am, Sir, 

" Your very humble servant, 

" Rd. Trevithick." 

Within a week of his engagement he had commenced 
the driftway. The sinking of the shaft on the south 
shore, from the bottom of which the driftway was to 
commence, was the extent of progress during the two 
or three years before Trevithick*s appointment. It 
was 68 feet 4 inches in depth from the surface ; a wooden 
platform a slight disfcincc above the lx)ttom of the shaft 
served to form a reservoir for the drainage water from 
the drift, from which it was pumj)ed to the surface by 
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a steam-piifter engine. The bottom of the drift was 
even with this platform. In size it was sufficient only 
for the passage of a workman with his barrow, being 

5 feet high, 3 feet broad at the bottom, and 2 feet 

6 inches at the top, inside measurements; the four 
sides were kept in form by woodwork and strong 
3-inch planking. The working end required great 
care, and frequently the application of close planking 
across the end or face of the work to prevent a sudden 
fall of water and sand. As the drift proceeded the 
increasing quantity of water and earth or sand to be 
raised to the surface led the two engineers, Vazie and 
Trevithick, to make a joint report recommending a 30- 
horse-power steam-engine. Before two months had 
passed, this joint engineering broke down, and Tre- 
vithick was left to carry out his own plans on the 
work, but subject to annoying remarks from without. 

The drift progressed at the rate of 6 or 10 feet 
daily, and in a little over four months, or up to the 21st 
December, it had advanced 947 feet, being more than 
three-quarters of the whole distance, and within about 
200 feet of high- water mark on the north side. 

** Mr. Giddy, *' I^ondon, August 2Hth, 1807. 

" Sir, — Tuesday last was a week since we Wgan to drive 
our level at the bottom of the engine-shaft at tlie archwav. 

** The level is 5 feet high, 3 feet wide at the bottom, and 
2 feet 6 inches wide at the top, within the timbering. 

** The first week we drove 22 feet. This week I hope we 
shall drive and timber 10 fathoms. As soon as the railway is 
laid I hope to make good 12 fathoms a week. 'Jlie distance 
we have to drive is about 188 fathoms. The ground is sand 
and gravel ; it stands exceedingly well, ex<M»pt when we hole 
into le-anjys, and holing into such houses of wat<»r makes the 
sand very quick. We have discovered three of them? holes which 
contained about 20 square yards. 
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" It is very strange that such spaces should be in the sand at 
this deptli. When we cut into such places we are obliged to 
timber it up closely until the sand is drained of the water, 
otherwise it would run back and fill the drift and the shaft. 

" I cannot see any obstacle likely to prevent us from carry- 
ing this level across the river in six months. The engine 
throws down a suflScient quantity of air ; and the railway under- 
ground will enable us to bring back the stuff, so as to keep tlie 
level quite clear, and the last fathom will be as speedily driven 
as the first. Tliere is scarcely any water in the level — not 
above twenty gallons per minute — and not a drop falling from 
the back of the level (the end). Therefore, I thiuk we may 
expect that the land-springs will not trouble us. 

'* The spring that came down around the outside of the 
walling of the shaft is rather increased. The directors are in 
wonderful spirits, and every thiug goes on very easily and 
pleasantly. The engines on the river go on as usual. 

** I remain. Sir, 

" Your very humble servant, 

" KiCHD. Trevituick. 

" Plough Inn^ Kidnnj Stairs^ Linuhousr. 

" P.S. — The 2-inch iron air-pij>es that were provided l)ofore I 
took the work in hand are too small. The smith's bellows has 
nearly two hundredweight on the t()[) plank, yet at the bottom 
of the shaft it will 8<?arc(?ly blow out a candle. I shall put 
down larger pipes next week." 

It is remarkaldo that in 1807 Trcvitliick familiarly 
spoke of a railway in connection with underground 
work, and of supplying miners with pure air by the 
use of the steam-engine, while in 1870 we talk of en- 
forcing the latter by Act of Parliament. 

" Mr. Giddy, " London, September 12th, 1807. 

" Sir,— This day I received yours, and am very much 
obliged to you for your attention to my welfare. Last week we 
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drove and secured in the tunnel 25 yards, and I see no doubt 
of getting on in future with the same speed. We are now 
about 180 feet from tlie shaft, and as we approach the river the 
ground is better, and the water does not increase ; but to be 
prepared for the worst, it is agreed to have a SO-liorse-power 
engine in readiness, to assist in case of cutting more water than 
the present engine can cope with. 

" The distance from the shaft to the spot on the opposite 
shore, where wo intend to come up to the day, is about 1220 feet. 
This distance I hope to accomplish in a short time, unless some 
unfavourable circumstiinco turns up, which at this time there is 
no sign of. Should tlie ground prove softer we can drive 
horizontal piles ; should the water increase we shall have three 
times the power in reserve as we now occupy. 

** The directors are highly pleased with our present pro- 
ceedings. In consequence of this job I have been called on to 
take the direction of a very extensive work, the nature of which 
1 am not yet fully informed ; but am to meet tlie party on 
Thursday next for furtlier information, when I shall communi- 
cate the plan to you for your investigation ; at the same time I 
must beg your pardon for so often troubling you on matters that 
cannot advantage you, and hope you will excuse my freedom, 
being driven to you as a source of information that I cannot be 
furnished witli from any other quarter. 

" The engines continue to get on as usual on tlie river. The 
great engine is not yet at work; but hope it will soon bo 
completed. 

" 1 remain, Sir, 

'* Your very humble servant, 

■ 

"RiCIID. TUEVITIIICK. 
" Plough Inn, Kulncy Stairs, Ijimehou»r 

In the midst of hopecl-for hucccss, a special meeting 
of pn)prictor8 was held on the 24th December, 1807, 
and it was put to the meeting that Mr. Trevithick does 
not ix)sscs8 the confidence of the company, and that the 
<lirectors Ik) rcqucste<l to put an end to all engagements 
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with him. The proposal was negatived by 137 voices 
against 61 ; the directors supporting their engineer. 
The continuance of this opposition (this was the second 
time this question was discussed during the four 
months) not only diverted the attention of the directors 
from the daily consideration of the progress of the 
work, but roused Trevithick's naturally impetuous 
action to drive ahead for the other shore. 

The drift had been carried on a level line from the 
shaft until past the middle of the river, to facilitate 
drainage, when it ascended at about the same slope as 
the river-bed towards the northern side, the roof of 
the drift being about 30 feet under the bed of the river. 
The strata passed through from the shore to the middle 
was firm sand and gravel, while for the last 200 feet 
it had been rocky. This strata of rock had been seen 
in the shaft on the south side 7 feet 6 inches thick, and 
was known to dip going north about 1 in 50. While 
the driftway was under it, it helped to keep the water 
out and gave firmness to the ground ; but as going 
north it was deeper below the surface than on the 
south side, and as the driftway had to rise to the 
surface within a certain distance from high-water mark 
on the north side, it had of necessity to pass through 
this strata of rock. The rihc of the drift was then 
about 1 in 9. The strata of rock had been cut through 
on the 21st December. The face or breastwork at the 
end showed that the lower half or bottom of the drift 
was still in rock, while the upper half or roof was in 
treacherous quicksand. 

Then was the time for calm and thoughtful con- 
sideration of evidences in the drift by the directors, 
when a wise word would have averted failure and 
secured success, Unfortunatelv the directors were 
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occupied in preparing to meet the dissatisfied pro- 
prietors at the special meeting to be held within three 
days ; the drift followed its doomed course for two 
more critical days, when on the 23rd the water and 
quicksand rushed in, in spite of every precaution; 
and the next day, the 24th December, the directors, 
who should have been in quiet consultation at the drifts 
way, were in noisy dispute with their opponents at the 
* George and Vulture ' tavern, CornhiU. 

There is no trace of wise retreat under the shelter of 
the rock — in which course another 100 feet would have 
brought them beyond low- water mark on the south shore 
— except in the drawing made by Trevithick, show- 
ing a test-hole bored through it and strata above, just 
before reaching the point where the fatal rock was cut 
through. He calls it the test-hole, and says, " The stra- 
tum of siind with water showed that the break was the 
consequence of not boring in time. The boyer hole 
near the shaft on the south shore, made by Robert 
Vazie, shows the evil consequence of communicating 
the two springs." 

From Trevithick's words in his own writing there is 
no doubt that he feared to break through the rock, and 
foresaw the rush of sand and water as in the earlier 
ex|)eriment in the shaft. His opponents used this 
breakdown as an additional reason for his dismissal. 

** DaVIES Giddy, Esq., " London, Dccimhcr ;]0M, 1807. 

** Sir, — Your politeness in answering my inquiries re- 
Hpecting Mr. Trevithick's engines some time ago, emboldens 
me to request a further favour of you, relating to that gentle- 
man. Since the directors of the Thames Archway Company 
contracted with Mr. T. to execute the driftway, lie has had 
i\u) misfortune to incur the displetusure of a considerable ]iro- 
l)riet4>r (not a director), and who has hud influence enough, hv 
VOL. I. 8 
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partial representations indefatigably urged, to form a strong 
party against him, so much so that a special assembly of tlie 
company was convened by this proprietor and his friends, for 
the special purpose (as it turned up in argument) to throw a 
degrading stigma on Trevithick's character, not only as an 
incompetent miner and engineer, but as a man of integrity ; 
and indirectly to censure the directors for employing him. A 
resolution was proposed by this gentleman that Mr. T. does 
not possess the confidence of the company, and that he be dis- 
charged from all his engagements with it. Though the author 
of this proposition was induced by the sense of the company 
to withdraw it, yet his assertions, which were very bold and 
numerous, and unsupported by his facts, seemed to retain their 
weight on the minds of his own party, notwithstanding the folly 
and weakness of the proposition; folly, because Trevithick 
could not legally be discharged, and wicked, because if he could 
have been, it must have been by a breach of honour and good 
faith in the directors, to the great injury of Mr. Trevithick. 

" Among the assertions of the proprietor alluded to, he 
represented that T. had imposed on the directors by magnifying 
beyond the truth the importance of his engagements in other 
objects, so as to induce the directors to believe that they could 
only secure his services by a bargain extravagantly favourable 
to him, and that all his representations to this effect were false 
in fact. Although the directors declared that these circum- 
stances had no influence on their minds in making their contract 
with T., which they considered fair and reasonable, and do still, 
yet it seems highly desirable now, to the vindication of Mr. T.'s 
moral character, so grossly attacked, that some evidence be 
adduced at a future opportunity of the existence of some of 
those engagements which Mr. T. did certainly mention ; and as 
I think you stated to the directors your knowledge or belief in 
some of them, it would be highly pleasing to me, and I believe 
to every other director, if you would take the trouble of 
informing me what you know or recollect about them. 

"It was said that he had represented himself to have large 
concerns or engagements in Cornwall, or in the neighbourhood 
of Bristol, an engagement with the Trinity House for raising 
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ballast, and an offer of some engagement of importance witli a 
Mr. Trotter. It was roundly asserted by the said proprietor 
that Trevithick had no foundation whatever for these repre- 
sentations. Speaking of him as an engineer, he treated him in 
the most degrading terms, and as a miner, a very quack. 

" Notwithstanding the directors have had no reason in any 
instance whatever to change the very favourable opinion they 
formed of him, at your recommendation, yet, sir, it would be 
eminently satisfactory to them to be able to refute, by such 
respectable evidence as yours, at some future period, those base 
calumnies attempted to be cast upon him — certainly in no respect 
justified by his conduct ; and as I recollect you spoke of him in 
very flattering terms as a miner and engineer of great skill and 
experience, and as a man of great integrity, I venture to hope 
that you will indulge me with your candid opinion of him on all 
these i)ointa, as well for the sake of my own and co-directors 
satisfaction, as for doing justice to a man against whom a very 
illiberal attack has been made, and which if not refuted may 
very sensibly aflect his future comfort. 

" I have the honour to be, Sir, 

" Your very obedient servant, 

** John Wyatt. 

** P.S. — The particulars of the observations made at the 
meeting on Mr. T. are not known to him, nor is he acquainted 
with this letter to you ; but he has informed me that 
Mr. Robert Vazie once addressed a letter to you respecting 
him, and of your favourable answer. If you will have the 
goodness to favour me with copies of these, they may be used 
very advantageously in favour of Trevithick." 

Mr. Wyatt was one of the few appreciative men that 
now and then croHHed Trevithick'« troubled path. 

*< Mr. Giddy, " Thames Archway, January 5th, 1808. 

" Sir, — About ten days since I received your letter, 
which was Mrrongly directed, and did not come to me in due 
course. I have sold the ballast business to a company, which is 

8 2 
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carrying it on. I should have written to you on the receipt of 
your lottor ; but at the time it arrived we were in a quicksand, 
and I wished to got through it before wTiting. The drift is 
drivon 952 foot from the shaft, and is about 140 feet from 
high-wator mark on tlie north side of the river, and hope to be 
Umnigh in a fortnight. Some weeks we drove 20 fathoms; 
but for fiftoon or twenty days before we met the quicksand we 
had a very hani lime rock, which much impeded us. During 
tho hist fortnight .scarcely anvthing has been done in the end 
im «oiH>unt of the quick^nd ; but now we are again in a strong 
day gnuuuK and gt^tting on quickly. The drift is 72 feet 
U^low high-\\>itor mark. When we commenced to drive from 
tho shaft it \\as a tJrm groon sand : soon a bed of gravel of about 
^ iuoluxs thiok oamo dv>wu fn>m the back. As we drove north 
\xv tvvund all tlh^ strata dip aK^ut 1 foot in 50. On the top 
\xf I ho era vol tl^ort^ i^^ alxnii 3 feet of clav, then a limestone 
i\vk ^inade fnuu wnu^) aUnit 5 feet thick. It is evident that 
this is a made nvk, Un^ause the green sand that we began to 
drixo in is st^vend ft^^t under the rock, and there is a large 
qaa4\tity of branohos of trees in it turned into stone. On the 
top of tlio nvk there is a proper bed of oysters, mud and 
oysters aUmt 2^ feet thiclj. Above this is about 5 feet of clay 
mixiHl with siind ; above that is the quicksand of 2^ feet thick ; 
and alK>ve that is a strong dry clay, which we supjiose holds up 
to the bottom of the river, wliich is al>out 20 feet. We bored 
on the north side, and found this quicksand was above the back 
of the drift, and a great quantity of water in it. 

** I proi)osed to bore up in the back of the drift, to tap it and 
let down the water gently through an iron pipe, but I could not 
be permitted, 

" In course of working in the drift the water and quicksand 
broke down in the back of the drift, drowned the engine, and 
threw a great quantity of sand down into the drift. This sand 
is nearly as fine as Hour, and when in water is exceedingly 
quick. Wo had the good fortune to stop up the drift tigliib 
with timber before the water got up to prevent us, and we have 
draincMl tlie sand, so that the engine is again complete mtister 
of it. 1 ha<l a machine made to drive verv lon«' Hat iron bars 
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close up to tho back of the drift, through the stopping boards 
in the end ; and then cleared out the drift under them, and 
timbered very closely under the bars. By driving a great 
number of tars of iron I again reached the end of the drift, 
wliieh is now again in good course for driving. After we had 
stopped the end of the drift to prevent the quicksand from 
coming back, I bored 14 feet up in the back of the level, and 
forced up a 2-inch iron pipe above the quicksand, which pre- 
vented the quicksand from coming away with the water, and 
also took off the weight or pressure of water from the brealting 
ground iii the back of the drift. 

** It was strongly proposed by one of the proprietors (when 
the drift was half-way in) to open out from that place the tunnel 
to 16 feet high and 16 feet wide. I refused to do it, knowing 
that this water and quicksand was over our head, and that as 
soon as we began to incline the bottom of the drift up toward 
the surface on the north side we should be into it. It was with 
the greatest difficulty that we could stop it in the drift, only 
2^ feet wide and 5 feet high. 

** Had we opened the tunnel to the full size, every man that 
might have been underground at the time must have been lost, 
and the river through into the tinmel in ten minutes, for the 
water would have brought the 2^feet stratum of quicksand into 
the tunnel, and then the clay roof would have sunk under the 
weight of the river; for it would have been impossible to stop it 
over a space 16 feet high and 16 feet wide; the engine would 
have been drowned in one minute, and the sand would have 
constantly come away until the roof fell through into the drift. 

** This proprietor has been very much exasix^rated against mo 
over since, Ix^cause I would not open out the tunnel from the 
middle of the drift up to the full size. This gent was never in a 
mine in his life, neither does he know anything about it. Ho 
called a general meeting to discharge me, but he was taken 
no notice of, and the thanks of the meeting given to me for my 
grxnl conduct, and his friend Mr. Vazie discharged. They have 
oirere<l me 12301, more for my attendance, to open the drift n]» 
to the full size of the tunnt^l, and wish me to engage with them 
immediately, bc»fore the first contract expires. 
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" Tlie quicksand when drained is very hard, and after the 
drift is through the ground it will be so completely drained that 
I cannot see any risk in opening to the full size. 

" When you come to town I shall have several things to lay 

before you, and shall be very much obliged to you to say when 

you expect to be here. 

" I am, Sir, 

" Your humble servant, 

" RiCHD. Trevithick." 

In Trevithick's time geology had not become a 
familiar study, and probably he had never read a page 
on the subject : yet his reasoning is simple and logical ; 
•for the infiltrated limestone rock, " made from water," 
resting on a strata having in it branches of trees, was 
a proof that it was not an original limestone rock. 

The propriety of forcing an iron pipe from the roof 
of the drift up into the top of the bed of quicksand for 
the purpose of drawing off the water was evidently a 
much-disputed point, and was carried against Trevithick, 
though after the water had forced its way into the drift 
his drain-pipe was approved of, and was used by him 
and others ; but the strata had then become broken, and 
the pipe less effective than it might have been at an 
earlier period. Trevithick has been called an obstinate 
man because of his improper use of this drain-pipe, but 
this letter proves quite the contrary, for it shows that 
he obeyed orders, and without a tinge of recrimination. 

By a continuous working of the extra pumping 
engine which he had provided at the shaft in case of 
such an emergency, the wat^r and sand were so far 
cleared out of the drift that men could go in. How 
were the numerous inpours of water and sand through 
every crevice to be stopped? The timbering at the top 
of the end was the most leaky ; but in the cramped 
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width of 2i feet it was impossible to remove and 
rei)lacc timbers with celerity. Iron plates were there- 
fore driven throuf^h the stopping boards, close to the 
roof, ill the end of the drift, into the disturbed strata, 
forming a roof of iron. This enabled the wood end to 
be moved, and to be advanced without bringing down 
the roof. Unfortunately the machine invented and 
made for driving those bars is not described. 

lie was also right in declining to undertake to 
erilargi! the drift when half-way through, as proved 
by the great difficulty afterwards experienced by Mr, 
Brunei in driving the larger tunnel. Tlie object was to 
perfect the drift that it should serve as a drain to free 
the larger tunnel from water during its construction, as 
well as a means of know- 
ing the strata. 

By the 2Gth January, 
180S, in a montli's work 
since leaving the rock 
strata, they had only ad- 
vanced 81 feet when tlie 
water and sand again 
riishud in in huch irj- 
creascd quantities tlirough 
the openings for advanc- 
ing the end or breiist- 
work, that the workmen 
could no longer resist it, 
arid with difllicuUy reached 
the shaft, with but just 
sufficient space for breath- 
ing room between the snr- 

face of the rising water and the roof of the drift. 
Trevithick was one of the lot ; and as the water filled 
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the drift and rose in the shaft, the miners floated 
with it until rescued. Mrs. Trevithick spoke of her 
husband coming liome through the streets witliout hat 
or shoes, half drowned, and covered with clay and dirt, 
but not discouraged by this first really serious break- 
down, the drift being 1028 feet in length. The drift- 
way and shaft were filled with water and sand, and the 
bed of the river, 30 feet above it, sank into a dish form 
over the hole, from the quantity of sand carried by the 
rushing water into the drift; ciiusing the tliick strata of 
clay forming the bed of the river to sink more and 
more. A crack or hole through this clay would be 
fatal, therefore more clay was thrown into the river, 
to fill the hollow and prevent if possible any communi- 
cation between the water and the beds of quicksand 
surrounding the drift. A large canvas sheet loaded 
with clay, and bags filled with clay, were also thrown 
on to the river-bed. 

The following shows that even then he was sanguine 
of success : — 

" 3Ik. Giddy, "Thamks Archway, Fthrunry 2nd, 1808. 

" Sir, — I have been for some time expecting a note from 
you, of your arrival, which is the reason for not having written 
to you long since. I am glad to find that both you and the old 
gentleman enjoy good health. I enjoy the same ; but have a 
great deal of exercise both of body and mind about this job 
here. 

" Last week the water broke down on us from the river, 
through a quicksand, and filled the whole of the level and shaft 
in ten minutes. I have stopped it completely tight, and tlie 
miners are at work again. We are beyond low-water mark on 
the north side with the drift ; if we have no further delays we 
shall hole up to the surface in ten or twelve days. I cannot 
give you as full a description, by the pen, as I wish ; but will 
set^ you on Friday morning. 
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" On Thursday, at twelve o'clock, there will be a meeting of* 
the directors, on the spot. If they knew yon are in town, you 
would be pressed very hard to attend. If you can attend I 
shall be very happy to see you on the spot, as I have a great 
deal to communicate to you. 

** I have no doubt of accomplishing my job. 

" I am, Sir, 

" Your humble servant, 

" Rd. Tbevitiiick." 

The discontented proprietors had now a real cause 
for talking, and made such a stir as reached the ears of 
tlie Lord Mayor, who accused the headstrong engineer 
of making a great hole in the bed of the river ; and then 
the tide turned, and he was charged with forming a great 
bank in the river. The Lord Mayor laid an embargo 
of pains and penalties on all and every who should 
interfere wiih the river-bed without his permission; 
and being dutifully asked, allowed the engineer to pro- 
cecil. Trevithick struggled on slowly, and, at immi- 
nent risk of health and life, forced the drift forward 
1000 feet from the shaft, that narrow passage being the 
only means of escape, should any one of the numerous 
bits of planking break away and allow the inrush of 
sand and watx^r. This was enough to prevent ordinary 
men from going on ; and in addition was the impure, 
dull, unchanged air in that wooden drain, in which 
the dim light of a candle that could scarcely be kept 
burning, and the constant drip of water, where the 
workmen could never stand erect, or squeeze past one 
another without difficulty, and could only work one at 
a time in the narrow end, were more than sufficient to 
<launt the most determined. 

Iron pipes were driven through the roof into the 
sand-lKxis, in the hope of drawing off the water; but they 
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became choked with clay, and the slightest opening in 
the planking of the end was followed by a rush of sand 
and water. Only 70 feet remained between the end 
and low-water mark on the opposite or north shore : a 
small barrier which was fated to be impassable. The 
directors stopped all proceedings, and considered what 
should next be done. Trevithick supplied the following 
plan and opinion : the Plate is copied from his original 
drawing^ except that, for want of space, only the part 
bearing on the stoppage is shown. His plan, some 
5 feet long, gives the whole length of the work. 

This proposed plan (Plate IX.) for enabling the drift 
to be continued illustrates his genius ; for he had never 
been taught to deal with river-beds, yet principles are 
here introduced which have since been largely applied, 
and spoken of as modern discoveries. 

The day following the date of Trevithick's last note 
to Davies Gilbert (then Giddy), another inrush of water 
and sand prevented progress. The drift, 1028 feet 
in length, was through a Considerable portion of the 
bed of quicksand, when a fall of earth in the roof 
filled the drift with sand, clay, and water, causing a 
sensible orifice in the bed of the river. Trevithick 
persevered, and again draining the drift, forced his 
way forward another 14 feet, making a total length of 
1040 feet. 

The proprietors called a meeting, and desired two 
engineers to examine and report, and also to act. 

Trevithick recommended a wood caisson filled with 
clay, with a wooden shaft through it, to be placed 
over the sunken hollow in the bed of the river, 
the shaft to be carried down to the roof of the 
drift ; another wooden shaft, hooped with iron, was 
also to be sunk through the lx)d of the liver, a little 
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in advance of the end of the drift, to facilitate the 
carrying the drift through the remainder of the quick- 
sand. 

Directors, proprietors, and engineers were now at 
variance, and from a meeting of directors on tlie 12th 
April, 1808, the following particulars were sent to each 
proprietor : — 

" Since tlie removal of Eobert Vazie from the oflSce of resi- 
dent engineer to the Thames Archway Company, several pro- 
prietors in that concern have expressed their dissatisfaction at 
the proceedings of the works under Mr. Trevithick, and have 
taken many steps to impede their progress and darken Mr. 
Trevithick 's reputation ; yet, as no act of Mr. Trevithlck's in- 
competency was ever shown, though many were falsely alleged, 
and as the directors never observed any instance either of 
neglect or want of skill in liim, but that on every occasion where 
liis knowledge, his intelligence, and experience in his profession 
were questioned and examined by competent persons, his talents 
appeared very superior to the common level, the confidence 
wliich the directors reposed in him was not shaken. But the 
directors, upon the suggestion of the dissatisfied proprietors, and 
with a view to gratify their wishes, consented on the 29th Feb- 
ruary, 1808, to apply to two professional miners of high reputa- 
tion in the North of England, approved by themselves, to come 
and examine the state of the works. These gentlemen, namely, 
Mr. William Stobart, of Lumley Park, Durham, and Mr. John 
15u<l(lle, of Walls* End, Newcastle-upon-Tyne, arrived in London 
on the Tith instant, and inspected the works on the 7th ; and 
on that day attended a meeting of the directors, when the 
written questions hereafter stated were delivered to them for 
their consideration and answers ; and the meeting of the direc- 
tors being adjourned to the 9th instant to receive the answers, 
those gentlemen attended on that day, and delivered to the 
B(>ard their answers in writing. 

I extract only those portions bearinp^ directly on 
Trevithick and his acts. 
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" 2iid. — Do you approve of the methods he has pursued for 
stopping the water from the river ? 

" We do approve of the methods Mr. Trevithick has pursued 
of stopping the water from the river. 

"4th. — Do you approve of sinking a shaft, as proposed by 
Mr. Trevithick, for securing the ground injured by the frac- 
ture in the bed of the river ; or would you advise any other 
method ? 

" Taking all the circumstances into consideration, we do not 
think that any better plan can be adoi>tcd for the security of 
the ground injured by the fracture in the bed of the river, than 
that suggested by Mr. Trevitliiek. 

" 11th. — ^Is it your opinion that this fracture has been occa- 
sioned by any unskilfulness on the director of the works, Mr. 
Trevithick ? 

" This fracture, in our opinion, has not in any degree been 
occasioned by the unskilfulness of the undertaker, Mr. Tre- 
vithick, although we might liave recommended a continuance of 
the drift in a horizontal direction for about 140 feet farther, 
previous to the commencement of its ascent. We might have 
recommended this 140 feet iidditional, only to have given equal 
width between the drift and the river ; but, if this had been 
done, the tunnel itself must have been so nnich longer, or else 
the rise quicker in proportion. 

"12tL — Have you in any part of the works discovered a 
want of knowledge and intelligence in Sir. Trevithick in the 
business of this undertaking ? 

"No part of the works, in our opinion, exhibits any want of 
knowledge or intelligence in Mr. Trevithick in the business of 
this undertaking. As a practical miner, this work does credit 
to any man who has performed it ; and he has great merit in 
the performance, and need not be afraid of anyone viewing the 
work. 

" 17th. — From what you have observed of Mr. Trevithick, on 
this occasion, are you of opinion that he is a proper person to 
conduct the undertaking ? 

" We have not the least hesitation in saying that he is. He 
has shown most extraorlinary skill and ingenuity in passing the 
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quicksand ; and we do not know any practical miner that we 
think more competent to the task than he is. We judge from 
the w^ork itself, and until this occasion of viewing the work, we 
did not know Mr. Trevithick. 

'* 18th. — Do you approve of the borings which Mr. Trevithick 
made in the roof of the drift ; and putting up the piped to draw 
off the water ? 

*'It was the most judicious method he could pursue." 

** After perusing the opinion of men of such eminence in 
their profession as Messrs. Stobart and Buddie, the directors, 
whose confidence in Mr. Trevithick has been unvaried, made 
no doubt that the proprietors at large, whose minds are not in- 
fected by prejudice or invidious motives, will concur with them, 
that that confidence was not only well founded, but that Mr. 
Trevithick's character stands even higher in his profession 
than their discernment of his merits had led them to judge of 
him. 

" Not only did a Member of Parliament, highly respected for 
the purity of his conduct and scientific requirements (Mr. Davies 
Giddy), attend the Board of Directors, and give so high a char 
racter of Mr. Trevithick, both as to bis talents as a miner and 
integrity as a man, tliat not a single director hesitated on that 
head, but also, a proprietor, Mr. Butt, who is a distinguished 
individual of the discontented party, did himself bring to the 
Board, from another quarter of great respectability, a report as 
favoumble to Mr. Trevithick as that given by Mr. Giddy." 

The directors received these opinions of Messrs. Sto- 
bart and Buddie on tlio 7th April, 1808, and directed 
Mr. Ryan to make borings on the north shore; but 
Ijeing still in doubt, on the 19th April sought advice 
from Mr. Charlton, from whose report a few questions 
and answers are selected to show the confusion of 
management. 

*^ 3rd. — Do you conceive tliat the drift corres)>oud8 with the 
phius ? 
** Yes ; I sec nothing to the contrary. 
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" 4th. — Is the drift made in such a way as you would have 
advised ? 

*' For a temporary drift it is. 

" 5th. — ^Is it carried on in such a way as you would have 
advised as to its level and distance from the river ? 

•'Any man would naturally take it as near the river as he 
could with safety, and I would have advised it. 

" 8th. — Whether you would have advised making a drift in 
the way this has been done, for the purpose of enlarging that 
drift to the extent of 11 or 12 feet diameter? 

" I would not ; it is my opinion that you should have finished 
as you went on. 

" 9th. — Whether you would advise in the present state of the 
drift to continue it to the north side, or abandon it and make 
another drift ? 

'* I think that as it is gone so far, if it was driven through 
it would give great advantage for air, and convenience for 
bringing out and taking in materials, and safer for the work- 
men, and therefore I would advise it to be carried througrh. 

" 15th. — Would you advise the borings that are now making 
to be completed ? 

«No." 

" Resolved, from the evidence adduced at this meeting, that 
Mr. Trevithick was acquainted with the borings already made 
in the north shore of the river, notwithstanding the representa- 
tion to the contrary appears in Mr. Braithwaite's report." 

" At a meeting of directors on the 21st April, 1808 : — 

" Eesolved, that the borings on the north side of the river be 
discontinued till further orders, and that notice thereof be given 
to Mr. Rastrick." 

"At a meeting of directors, 9th May, 1808, Mr. Trevithick 
attended this meeting and stated that the new engine was com- 
pleted and at that work; and he now thought it prudent to at- 
tempt proceeding with the drift, previously to sinking a caisson, 
as he expected to get through the quicksand, after proceeding 
with the drift 5 or 6 feet farther." 

** Resolved, that Mr. Trevithick be directed to open the 
breast, and proceed with the drift without delay. Mr. Trevi- 
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thick delivered to 'this meeting the following claim upon the 
company, for the time he has lost since the works were last 
suspended, namely, thirty-four days at two guineas per day." 

'' Resolved, that the consideration of the above claim be sus- 
pended for the present.*' 

*' At a meeting of directors on the 16th May, 1808, Mr. 
Trcvithick attended, and delivered the following report : — 

" On opening the breast this week we found the wood piles 
rather loose, which were driven up and fastened ; after which 
the miners attempted to proceed, but were driven back several 
times by water and sand. Opened several old pipes that were 
put in the roof, out of which water flowed strongly leaving the 
breast ; this enabled the miners to proceed 22 inches." 

" At a meeting on the 6th June, 1808, Mr. John Rastrick's 
report is received by the directors: — 

" Your workmen were employed last week in taking up 40 
tons of clay and gravel, which formed a ridge on the bed of the 
river, and in putting a sail over the broken ground, getting, 
loading, and unloading 160 tons of clay, which clay covers the 
sail about 3 feet thick. The drift is quite clear of sand up to 
the door ; which door is 18 feet from the face, and is full of 
sand. The water at the tin and door flows strong and clear. 

" Resolved, that Mr. Trevithick be directed to put the old 
engine in repair." 

In June, 1808, Mr. Rastrick was the engineer of 
the driftway, and on the 11th made a report to the 
directors : — 

" Jlonday, men were employed in driving iron piles, and 
loading a barge with clay. 

" Tuesday, boring a hole 98 feet south of the incline : this pi{)e, 
like all the former ones, discharged water free of sand for ludf 
an hour, during which time the end was dry, when the sand flowed 
and plugged up the pipe. The rock at this hole is 5 feet thick. 

*' Wednesday, boring a hole 109 feet south of the incline, out 
of which we could get no water, though it was bored 10 feet high. 
0|)ened pipe 98 feet south of the incline ; this eased the breast. 
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and miners proceeded in driving piles. They had not been 
above half an hour at this work before the pipe stopped, and 
sand and water flowed strong through pipe 109 feet. 

** Thursday, miners opened the above pipes, which, as before, 
discharged sand and water ; plugged up, and opened the breast, 
which appeared favourable, but as soon as the first pile was 
driven, the whole of the piles came back about an inch and half. 
Secured the breast and left the drift. 

"Friday, opened the hole 109 feet, and put up pipes 3 feet 
long, making pipes in this hole 15 feet. Water flowed strong 
and clear for two hours, during wliich time miners opened 
breast and drove piles, after which sand flowed very strong 
through the pipe ; plugged up, and left the drift. 

" Saturday, bored a hole 173^ feet south of the incline. This 
hole was bored 19 feet high, through which the sand flowed 
very strong ; plugged up, and drove four iron plates in the 
breast 18 inches long and 10 inches broad. 

" Simday, opened breast, cut out piles, and prepared for a set 
of timbers. At this mouient the j)iles appeared loose ; sand and 
water flowing strong out of the bottom of the drift, about 8 feet 
from the end. Secured breast, caulked the joints, and left the 
drift." 

Without attempting to define Trevithick's position 
during this knocking together of heads of eminent en- 
gineers, directors, and shareholders, it is evident that 
for two or three months Mr. Rastrick had power to 
act, closing his short authority by the significant 
words, " secured breast, caulked the joints, and left tbe 
drift." 

Mr. Rastrick and other engineers acted on Trevi- 
thick's plans without even suggesting any particular 
change. They would scarcely have been employed, 
except on the understanding that they could do l)etter 
than Trevithick ; yet they made no progress, and 
admitted that he was the only man for the work. 

During this short respite from daily attendance 
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on tlie driftway, Trevithick had constructed the first 
London railway, and had conveyed or was about con- 
veying the first railway passenger train by the loco- 
motive * Catch-me-who-can/ 

The drift having been idle for nearly two months, 
Trevithick recommended a new plan, and a special 
meeting for its consideration was called. 

" Thames Archway, Rothekhithe, 
'* Mb. GlDbY, ** July 2m, 1808. 

*' Sir, — I have yours of the 24th, and intend to put the 
inscription on the engine, whidi you sent to me. 

"About four or five days ago I tried the engine, which 
worked exceedingly well, but the ground was very soft, and the 
engine (about eight tons) sunk the timbers under the rails, and 
broke a great number of them. I have now taken up the 
whole of the timlx?r and iron, and have laid balk, of from 12 
to 14 inches square, down on tlie ground, and have nearly 
all the road laid again, which now appeai-s very firm. Wo 
prove every part as we lay it down, by ninning the engine over 
it by hand. I hope it will all be complete by the end of this 
week. 

'^ The tunnel is at a stand, and a si>ecial meetinj; is called for 
Saturday, in consequence of my proposing a new metliod of 
carrying it on ; and if put into effect (of which I have no doubt) 
the driftway is long enough, and would not be of more service 
if wholly across. 

** The plan I have laid before them is to make a caisson, 
50 feet long, 30 feet wide, and as high as from the bottom of 
the river to high water. It is made of whole balk, the joints 
caulked tight as a ship. On the caisson is placed an engine 
tor driving the piles and drawing them again, and also for 
lifting bricks out of the barges, and the stuff out of the caisson 
int4) the barges, by a crane worked by the engine. The piles 
nnist bo driven within this caisson, in every square, and as deep 
as the bottom of the tunnel. Then remove the earth and con- 
8tru(!t 50 feet in length of brick tunnel; then remove the 
caisson, draw the piles, an i reiix them 50 feet farther (m in the 
VOL. I. T 
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river, and add another piece to the tunnel, and so on, until the 
whoir is liniHluM]. 

*• iJy this plan only 50 feet of the river would be occupied 
at ono time, or less than a 400-tou ship at anchor in the 
river. Wo must bore up from the roof of the drift and put up 
a pipe to tap down the water from the caisson every time we 
movo it. 

** TUi) caisson and engine, with all its materials, will float 
lo^^ethor, and almost all the work will be done by the steam- 
engine. 

••The lii-st plan was for a tunnel of 11 feet in diameter, for 
foot j)aHsengers only, and was to be 14 feet lower than this 
pri'sent plan. 

" This plan is two tunnels side by side, 12 feet diameter, each 
to have a waggon-road of 8 feet wide, and a foot-path of 4 feet 
wide; one tunnel to admit persons going forward, the other 
ba(jkward, so as to prevent mischief in passing. 



j^^^^ 



^ 



C^ ^ 







W^m777. 



** This plan can be completed for 10,000Z. less than the 
original foot-path of 11 feet wide. I think this a safe and sure 
plan, while the other would be very expensive, dangerous, and 
uncertain ; and if ever excuiuted would be but a foot passage. 
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'^ No. 1 is the frame that guides the piles straight. 

" No. 2, pieces of timber across over the back of the arches, 
to keep the feet of the piles firm when we move the caisson. 

" No. 4, showiDg the piles, with a half-circle cut out of each, 
about 3 inches in diameter, down which oakum is driven to 
make the piles water-tight in the joints. 

^' This plan will shorten the tunnel ; it is not so deep as the 
other, therefore will come to clay much sooner on each side of 
the river, and the timber to support the roof will be saved. 
Your opinion on this plan will very much oblige 

" Your very humble servant, 

" Richard Tkevithick." 

The proposed caiseon for repairing the drift seems not 
to have been adopted, and was followed by a recom- 
mendation to build two brick tunnels, each 12 feet in 
diameter, to accommodate tlie to and from streams of 
passengers and wheel-carriages, in lieu of the original 
intention of one tunnel of 11 feet in diameter: it was 
to Ix) 6 feet below the bed of the river, or 14 feet nearer 
the surface than the original design ; thus reducing the 
stift' and very objectionable incline to and from the 
tunnel from its low level. 

The double tunnel was to be constructed on a new 
plan. Instead of mining through the quicksand, a 
water-tight box of planks and piling was to be placed 
in the river, the enclosed earth excavated to the required 
depth, a length of brick tunnel built, the river-bed re- 
placed, and the box removed ahead, for an additional 
length of brick tunnel, while the materials were to 
l>e moved, and the piles drawn, by a steam-crane, in- 
troduced by Trevithick a few years before,* and the 
surplus water drained by a pipe into the old driftway. 

* Jmjo Trevithick's letter, 10th Jaiiuurv, 1805, chap. xr. 

T 2 
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This plan for an improved double way, estimated 
to cost 10,000/. less than the tunnel or mining pro- 
cess, came before the directors on the 4th August, 

1808, when "they resolved that the works be not 
proceeded with until further orders ; " and on the 1 6th 
November, 

" Kesolved " (Mr. Trevithick and Mr. Rastrick attended the 
meeting) **it having been stated to the directors by Mr. Trevi- 
tliick that from unforeseen difficulties arising in continuing the 
present drift through the quicksand and broken ground on 
the north shore, the game will be attended with much greater 
expense than was originally estimated ; and he having at the 
same time suggested another mode of making the tunnel at a 
much less expense, the directors think it expedient that such 
plan should be taken into consideration." 

" Kesolved, that the following gentlemen be requested to 
take the said plan into their consideration : General Twiss, 
Lieut.-Colonel Mudge, Lieut.-Colonel Shrapnell, and Sir Thomas 
Hyde Page, with a request that they mil report to the Board 
their opinion thereon." 

" On the 18th March, 1809, Mr. Healing, the attorney of Mr. 
Trevithick, attended this meeting, and stated he was authorized 
by Mr. Trevithick to accept 800/., in addition to what he htul 
received, in full of all demands on the company, or to consent 
to leave his demand to arbitration ; but the directors not con- 
senting to so large a sum, Mr. Healing withdrew, having no 
authority to accept a less sum." 

The following plan, together with a description of 
the work done, was issued by the directors in March, 

1809, soliciting opinions from fresh engineers; but the 
\vriter believes this attempt to tunnel the Thames never 
advanced another inch : — 

** Fig. 1 is the section of the shaft sunk on the south shore, 
lined with 9-inch brickwork laid in cement impervious to 
water. 
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Description of the Strata throng?* which it paattetL 

ft In. 

No. 1. Stratum insisting of brown clay 9 

„ 2. Loose gmvel with a large quantity of water 26 8 
„ 3. Blue alluvial earth inclining to clay .. .. 3 

„ 4. T/oam 5 1 

„ 5. Blue alluvial earth inclining to clay, mixed 

with shells 3 9 

„ n. Oalcanvjus n)ck, in wliich are imbedded gravel 
atones, and so hard as to resist the pickaxe, 
and to be bn)ken only by w«lges .. .. 7 <> 
„ 7. Light-colounnl muddy shale, in which were 

imbedded pyrites and calcareous stones . . 4 r> 
„ 8. Green saml with gravel and a little water .. 

„ 9. Green saml 8 4 

G8 4 

From the surface of the gnnuul to high- water mark .. .. 8 

Depth of the shaft fn)m high- water mark .. .70 4 

** The gravelly stratum No. 2 in the shaft extends about 400 
feet into the river from high-water mark at T, to V : at this 
latter place it is about 2 feet thick, and underneath is alluvial 
earth approaching tlie nature of clay. 

a The entrance of the driftway (further described in Fig. 2), 6 feet 
high, 3 feet wide at the l)ottom, 2 feet inches at the toj) in 
the clear. 
b h The framing of tlie drift, consisting of 3-inch plank. 
c The platfonn. 

" Fig. 2 (shown in Plate X.) is a section, on a smaller scale, of 
the river, with the shaft and driftway. 

" Fig. 3 is a plan of the same. 

" In proceeding with the driftway towards the north shore, 
the strata were constantly varying. The following is a descri|>- 
tion of the strata as they appeared at the face of the drift, at the 
several places specified. The variations in the intermediate 
spaces were not noted, but the surface of each stratum was nearly 
oven for the greater part of those spaces. 

Face of the drift at the entrance from the sliaft, 
measnring from the bottom upwards, — ft in. tu in. 

(}rcen sand 4 

Gravel 6 

5 

At a, being 177 feet from the sliaft, — 

Qrecn sand 4 

Gravel 

Blue muddy shale .. 6 

5 
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ft. In. ft in. 

At 6, 234 feet, Green sand 3 9 

Gravel 3 

Blue muddy shale . . . . 10 

5 O 

At c, 295 feet, Green sand 3 7 

Gravel 3 

Blue muddy shale . . . . 12 

5 

At rf, 317 feet, Green sand 3 5 

Gravel 4 

Blue muddy shale . . 13 

5 

At p, 321 feet, Green sand 3 3 

Gravel 4 

Blue muddy sliale . . . . 15 

5 

At/, 333 feet. Green sand 3 3 

Gravel 4 

Blue nmddv shale . . . . 15 

5 

At ^, 350 feet. Green sand 2 8 

Gravel 4 

Blue muddy shale 2 

5 

At h, 493 feet, the green sand ends. 

At *, 730 feet. Hard calcareous rock, mixed 

with loamy land 5 

At A-, 799 feet, Har^l rock 5 

At /, 858 feet, Ditto 5 

At m, 901 feet. Ditto 5 

At n, 931 feet, Rock, with a little sand and 

shells, and water in the 

roof 5 

At 0, 945 feet. Hard rock 2 6' 

Clay and shells 2 6 

6 

At p, 996 feet. Rock 3 

Clay 4 

Shells 2 

Clay 10 

Cockleshells 4 

Clays and shells 10 

Sand 2 

Clay 6 

Sand 5 

6 

At q, 972 feet, Clav and shells 4 

Sand 10 

5 

At r, 992 feet, Clay and shells 8 

Sand 4 4 

5 

At<, 1011 feet, Sand 3 6 

Clay 1 6 

5 
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"The quantity of water in the gravel, No. 2, was so con- 
siderable, that a 14-hor8e engine could only keep the water 
a few feet below its natural level, and the shaft was sunk 
through by far the greatest part of this stratum into the blue 
stratum No. 3, with the water standing in it to the depth of 
several feet It is well ascertained that this stratum of gravel 
extends through a considerable part of the adjoining country ; 
but borings being made in the shaft from the bottom of this 
stratum, no water was met with in the substrata to tlie depth of 
86 feet from high water, where a spring was discovered, which 
rose in a few hours, through pipes inserted for that purpose, to 
a higher level than that in the gravelly stratum No. 2. The 
shaft was therefore sunk only to the depth of 76 feet 4 inches. 

" The drift was then carried forward in a horizontal direction to 
the north, 559 feet. And, in order to explore the ground in the 
northern part of the line of the then proposed tunnel, the drift 
was turned to the west 23 feet 6 inches from the centre of the 
former line to the centre of the new direction, and then to 
the north (intended to be enlarged afterwards to the size of the 
tunnel), and carried forward 341 feet, making the distance from 
the shaft to the beginning of the rise at D 922 feet. Through 
the whole of this line no material interruption occurred ; the 
strata consisted of firm sand, calcareous rock, and concreted 
gravel, with no more water than was easily kept under by a 
H-horse engine. 

** At this point I) the drift was made to incline upwards at the 
rate of 1 foot in 9. In prosecuting this part of the drift, at 
the distance of 23 feet from the beginning of the incline, the 
earth in the roof broke down, and discharged a great quantity 
of rtiind and water into the drift. At the time this circumstance 
lmp|)ened, a space of only 6 inches by 30 of earth in the roof and 
none in the face was left untimbered ; and through this space 
the earth kept falling by degrees, until a hole was formed capable 
of letting a man stand up in it, who perceived a quicksand, 
alxHit 3 feet thick, and about 4 or 5 feet above the roof of the 
drift. The stratum between the drift and sand was (*lay ; and 
water flowed from the sand. The hole was after some difficul- 
ties filled up, and the works proceeded. 
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" From the observations which had been made in the progress 
of the drift, the engineer found that the strata dippetl slightly 
from the south to the north, and concluded that the gravelly 
stratum No. 2 in the shaft would end in quicksand. This in- 
ference was confirmed by borings in the north shore at E, and 
by the fact that the wells there are much deeper than on the 
south. In expectation therefore of drawing off the water from 
the face of the work, borings were made at Nos. 6, 7, 8, 9, and 
pipes were forced up to the top of the quicksand at those places, 
which had the desired effect. The water came free from sand 
for a considerable time; but when the sand began to come 
through any of the pipes they were plugged up, and others 
occasionally inserted in different places, to the south of these, 
with the same object in view, and which kept the face of the 
work dry. l^y this means, and by using the utmost precaution 
in all other respects, the drift was afterwards extended 70 feet 
beyond this fracture ; where the roof broke down a second time, 
and sand and water entered the driftway with great violence, 
and to an alarming degree ; so that in about a quarter of an 
hour the water rose in the shaft nearly to the top of it. On 
examining the river an opening or hole at tv wtis discovered in 
the bed of about 4 feet diameter and 9 feet deep, and its sides 
nearly perpendicular. Into this hole clay, partly in bags, and 
other materials were thrown sufficient to fill it up ; and which 
succeeded in stoj)ping the communication between the river and 
the drift. The face of the drift was again opened, but the men 
could make but little progress, as the water and sand frequently 
burst in upon them, and drove them away. The pipes Nos. 1, 
12, 13, and 14, were put up, and the drift was extended 20 feet 
G inches fartJier, in nearly a horizontal direction, through the 
quicksand. At pipe No. 14 the first 14 inches above the roof 
was clay, and 3 feet of sand above it. The face was then timbered 
up, to prevent any further fall of earth or sand ; and the pijie 
No. 18, 9 feet long, forced upwards diagonally, and the pipe 
No. 19 horizontally. The first 8 feet through which the pipe 18 
passed was blue clay, and the last foot quicksand, of which a 
considerable quantity immediately flowed into the drift. This 
pipe soon became clogged up, it is presumed with clay, as 
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some lumj>9 came through nearly as large as the diameter of 
the pi|>e. The pipe No. 19 was 8 feet G inches long, and 
discovered nothing but blue clay; no sand nor water came 
through it. 

" At this period the engineer reported that he had examined 
the bed of the river, and found the hole at w considerably in- 
creased both in width and depth, and the earth at x very much 
sunk ; and that he had no doubt these two fractures communicated 
underneath. He then gave it as hia opinion that an underffround 
tunnel could not be made in that line, unless the fractures were 
covered by caissons, without which the further progress of the 
drift would be useless ; but that he had no doubt of being able to 
make a tunnel over the same line through the river, sufficiently 
deep into its bed, by means of movable caissons, or coffer-dams, 
and at a less expense considerably than the original estimate for 
the underground plan, and without any impediment to the navi- 
gation of the river. Under these circumstances the further pro- 
grass of the works was suspended. 

*^ It is an important consideration with the company, that 
the size of tfle tunnel be large enough to admit two carriages to 
pass each other ; or two of smaller dimensions, each to admit a 
carriage. 

'* The company contemplate a foot tunnel, only in the event 
that a larger one should appear to be impracticable. 

*' Tlie plans must be formed with regard to the tunnel being 
lighted. 

" N.B. — That plan whose line is the shortest, and ascent the 
t^asiest, will have great claims to preference, if equal in merit in 
other res|)ect8. 

** By order of the directors, 

" S. W. Wadbson, Clerk. 



<t 



Austin Fbiars, London, Marrli 30ih, 1809.' 



Trovithick had not counted on this abandonment of 
tlie work ; for at the time when the directors put aside 
the plans of their engineer, ** and thought proper to in- 
vite ingenious men of every description to a consider- 
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ation of the best means of completing so useful and so 
novel an undertaking," lie was in communication with 
his brother-in-law, Mr. Henry Harvey, to arrange the 
preparing and sending to London " 300 tons of scantled 
Cornish granite fortnightly," and his old friend William 
West was to superintend the cutting and shipping of 

the stone. 

As the free movement of ships in the river prevented 
the use of a bridge, the chief object in this underground 
passage was to avoid the great inconvenience of the 
Ijoat^ferries across the river, between Rotherhithe and 
tlie large commercial docks on the south side of the 
Thames, and the narrow street on the north side, near 
the river entrance of the Regent's Canal at Limehouse, 
not far from the West India Docks, and about 2^ miles 
below London Bridge. 

Trevithick was engaged on this driftway a year 
and a half; during less than half of which active 
operations were in progress, while the remaining por- 
tion was tjiken up with vacillations and weakness in 
the dircclory, and interference and discord from the dis- 
coritent<j(l Hlian^holders. 

After a lajme of nearly twenty years, Brunei, in 
1825, commenced the Thames Tunnel, which, after great 
difficulties and unlooked-for expense, was opened to pas- 
sengers in 1843, from Rotherhithe across the river to 
Wapping, near the London Docks, about a mile and a 
half below London ' Bridge ; it consisted of a double 
tunnel made of brick, something like Trevithick had 
recommended ; but instead of using the proposed caisson, 
Brunei followed the principle applied in the drift, of 
underground working through the river-bed, securing 
the sides with brick or other material, and the working 
end by wood or iron, or other means, allowing small 
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openings through which the earth was removed, which 
could be closed when quicksand or water overpowered 
the workmen. Brunei called this end apparatus a 
movable shield; it was a large complicated structure, 
allowing about thirty-six men, each in a small compart- 
ment, to work in the end. In 1837, Sir Isambard Brunei 
informed the writer that the plans and papers on the 
driftway left by Trevithick had given him the highest 
opinion of his character and genius. 

In 1869 the Thames subway was constructed by 
Mr. Barlow between Tooley Street and Tower Hill, 
about half a mile below London Bridge; consisting 
of a cast-iron tube, 7 feet in diameter, put together in 
pieces. 

The general outline of procedure was similar to 
that in the driftway, except that the work was secured 
by cast iron in lieu of wood. Trevithick's drift was of 
wood, Brunei's tunnel of brick, Barlow's of iron. 

The many scientific and practical men brought into 
contact with Trevithick during the progress of the 
driftway helped very much to diffuse the knowledge of 
his high-pressure engines and railway locomotion. 

Among the seventeen gentlemen who reported on 
his work were Rennie, Braithwaite, and Rastrick, all 
afterwards eminent in the engineering world, and others 
equally well known. Lieutenant-G-eneral Twiss, Lieu- 
tenant-Colonel Mudge, Lieutenant- Colonel Shrapnell, 
helped with their particular experience ; and Mr. Wil- 
liam Stobart, of Durham, and Mr. John Buddie, of New- 
castle-upon-Tyne, experienced miners, were also present. 
All these persons undoubtedly saw Trevithick's high- 
pressure engines at the Tunnel and elsewhere in London ; 
the dredging machines then at work in the river ; and 
the locomotive and passenger railway at that time 
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carrying passengers at a shilling a ride near Eiistoii 
Square. Tlic Newcastle and Durham coal proprietors 
in particular must have seen tlie engines, as they knew 
that Trevithick had sent a colliery locomotive to New- 
castle and to Wales, and were especially interested in 
such matters. 
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CHAPTER XIII. 

IBON TANKS. 

Trevithick and Dickinsotis Specification^ Sid October, 1808. 

" Instead of the packages, cases, chests, trunks, casks, vessels, or 
other receptacles heretofore and commonly used for the purpose of 
containing, enveloping, preserving and securing from d^nage the 
several articles of merchandise and other goods, whether in the 
solid and consistent or in the liquid form, which are taken and 
stowed on board ships and other vessels to be transported or 
consumed, or otherwise used and applied, we do construct, make, 
use, and apply certain other packages, vessels, or receptacles of 
iron, made by casting the said metal, or by forging, laminating, 
and riveting together plates or portions of the said metal, with 
covers adapted to and capable of being secured by screws, bolts, 
and other known means, to the said vessels or receptacles, so as to 
render the same (when shut) close, secure, and impenetrable to the 
external air or moisture, or other hurtful matters and things. 
And further, wo do make our said packages, vessels, or receptacles 
of such figures or forms that they fit exteriorly to each other 
without that waste of space which takes place in the stowage of 
woo<leu casks. For this purpose different forms may be used, 
but we prefer rectangular or hexagonal prism forms to all others. 
Wliere the same economy of room is not requisite, wo employ 
tlie cylindric form, but whichever form bo employed a much 
larger quantity of goods can be stowed by mefins of our Inven- 
tion than can be stowed in an equal space when the goods are 
put into i>ackages made of wood, the sides and ends of which 
are necessarily of u great thickness comjMired with those made 
of iron. Nor is saving of room the only advantage which results 
from our aforesaid Invention. Water, oil, and various other 
lluids, as well as provisions of different kinds, will be better 
preserved from \iaste, putrescency, leakage, depredations from 
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insects and other living creatures, in iron vessels than in vessels 
made of wood. For some purposes we have our said iron pack- 
ages, vessels, and other receptacles tinned on the inside, or coated 
with a varnish suited to the commodities they are destined to 
contain. 

" By our said Invention great advantages as to space and 
comfort will be afforded to those on board ships, without any 
detriment, but rather with advantage, to the proper trim of 
carrying sail, and the safe and expeditious performance of their 
respective voyages. 

"In witness whereof, we, the said Eichard Trevithick and 
Eobert Dickinson, have hereunto set our hands and seals, 
the Twenty-eighth day of April, in the year of our Lord 
One thousand eight hundred and nine. 

"KoB*^ Dickinson. (us.) 

" ilicHARD Trevithick. (l.8.) 

The dredgers, the Thames Driftway, the London 
locomotive railway and engine, were all in hand about 
this time, but were not sutKcient to give full scope and 
occupation to the never-tiring energy and fruitful in- 
vention of Trevithick. The few lines of his patent 
specification, though bearing mainly on tanks of iron 
for holding liquids on board ship, have also reference 
to the general question of conveying small i)ackages 
liable to damage, stowed in cases of iron, tinned or 
varnished, sometimes in the form of a cylinder, to be 
rolled to or from the ship to the storehouse, — even 
the trim and sailing qualities of the ship were to be 
improved by their use ; and the agreeability of the 
drinking-water on board ship was to be greatly in- 
creased by being stored in iron instead of in wood 
vessels. This latter idea originated when observing the 
purity of water in an old boiler that had been used 
at the Thames Driftway. 
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" When a little boy, shortly after reaching London from 
Cornwall, about 1808, my father, on coming into the house on a 
Sunday morning, degired me to fetch a wineglass, and taking 
me by the hand, walked to the old yard near the Tunnel works. 
There was an old steam-engine boiler in the yard ; my father 
filled the glass with water from the boiler gauge-cock, and 
asked me to tell him if it was good water. We used to speak 
of this as the origin of the iron tanks."* 

This happened in 1808, when removing certain ma- 
chinery at the Thames Driftway, to make room for one 
of his 30 -horse -power high -pressure engines. The 
water which had found a resting-place on iron was 
very clear and fresh-looking, — an old boiler was full 
of clear water, without unpleasant taste or smell. In 
a moment it was plain to him that an iron water-tank 
was preferable to one made of wood, and that by its use 
a serious evil of the day might be removed, for at that 
time sailors were obliged to drink stinking water, loaded 
with living and dead animalculoe, and other impurities, 
and to have even of this a smaller allowance than was 
required for washing and cleanliness. Iron tanks could 
1)0 fitted into the spare corners of vessels in a way that 
wooden casks could not, and both the quality and quan- 
tity of water would l^e increased. " The greater advan- 
tage as to space and comfort aftbrded to those on board 
ships, without any detriment, but rather with advantage, 
to the proper trim for carrying sail ; and the better pre- 
servation of water, oil, and various other fluids from 
putrescency, leakage, and depredations from insects, in 
iron vessels, than in vessels made of wood." 

In February, 1809, the patentee published a pamphlet 
<lascribing the advantages derivable under the patent. 



UccuUcctiomt of Mr. Hichani Trevitliick, rcHidiug at PcuclifTc, ilayle, IH^iD. 
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" The wood alone in a provision cask of Mr. Jellish's, con- 
tainiug 41 gallons, occupies a space equal to 19 gallons. A 
water-cask of one tun, or 252 gallons, has a loss from wood and 
sptxce equal to 76 gallons. An iron cask being only y^ths of an 
inch thick, containing the same quantity, occupies the space 
of only 7 gallons, giving an advantage of 69 gallons of room 
saved in every tun of water, or 26 per cent., exclusive of the 
space occupied by the fathom wood, and the difference between 
squares and circles in stowage. 

" The improvements now submitted consist in the adaptuyii to 
the holds of vessels of a system of wrotcght or cast iron cases of 
a sqnure, polygonal, or any other form, hy which they may adapt 
themselves to each other witlwut leaving any interstices, or inade 
cylindrical where room can he spared, 

" A ship engaged in the whale fishery, belonging to Messrs. 
Ifcnnet and Co., lately returned from a successful voyage, with 
what is called a full ship. This vessel is of the burthen of 208 
tons admeasurement, and yet when her hold was completely 
full of wooden casks, the whole quantity of oil they contained 
was only 140 tons, being full (me-third less than what she might 
have stowfed in differently-formed packages. 

"The patentees now propose to furnish this ship with a 
ground-tier of wrought-iron tanks, 4 feet square by 8 feet long ; 
each of these will contain 4 tons. The lower part of the hold 
will then stow 9 of these casks lengthways and 5 breadth- 
ways, being 45 casks, which together will contain 180 tons. 
This quantity of iron stowage will, of course, occupy a depth of 
only 4 feet, at the bottom of the hold, and her full tonnage 
remains to be made up with an additional quantity of oil, 
leaving a space in the hold unoccupied, from the top of the 
tanks to the deck, of 6 feet high, which space would stow 
considerably more than her admeasurement of 208 tons. 

** With respect to the Eoyal Navy, the patentees presume to 
think that the adoption of iron stowage would be advantageous 
in a more than common degree. If ships of war were provided 
with metal tanks for containing their beer, water, provisions, and 
stores, would not the necessity for ballast be in part done away? 

** This alteration would be attended with but little expenses, 



J HON TANKS. 289 

OS the iron ballast at present employed might be speedily con- 
verted at the foundries into iron tanks, adapted for the ground- 
tier of the hold. In a ground-tier iron cases might be made of 
a greater thickness for the sake of securing a proper sailing- 
trim when at sea ; they will contain a much larger supply of 
fresh water in the same bulk than wooden casks, and when it is 
necessary to lighten the vessel in naval manoeuvring, these iron 
tanks may be speedily emptied by means of pumps and hose 
adapted to their orifice, and afterwards filled with sea-water, 
when circumstauces require an addition of ballast. 

** As an illustration of the saving in point of expense, it may 
be mentioned that a first-rate man-of-war generally takes on 
board wooden casks for 600 tons of water ; if supplied with iron 
stowage, there will be a saving of 2400/. To this saving may 
be added the annual expenses of hoops, cooperage, &e., which in 
vessels of these dimensions are never less than 500/. a year ; in 
short, from their present material, a total saving would accrue 
to Government of 500,000/. per annum, by the adoption of 
iron casks alone, exclusively of the preservation of the stores, 
health of the crew, and advantage in stowage, which is incal- 
culable." 

A ship of 208 tons, returning from the whale fishery 
with a fuU-fitowed cargo in wood casks, gave 140 tons 
of oil. The same vessel, fitted with a ground-tier of 
wrought-iron tanks, each of them 4 feet square and 
8 feet long, carried 180 tons of oil, and still had 6 feet 
in height unoccupied between the top of the tanks and 
the deck of the vessel. 

Ships of war should carry liquids in iron tanks 
fitted to the form of the bottom of the hold, either to 
serve as drinking-water or as ballast ; so that in 
" naval manoeuvring " the vessel might be deepened!, 
thereby exposing a less amount of vulnerable surface to. 
an enemy, and again lightened by the nautical steam 
labourer pumping the water out of the tanks. 

ShouM the (Jovernment object to the cost of wrought- 

vou I. V 
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ii<iii tuuk«, tholr CHst-iron ballast, "Seely's pigs," should 
l»u li^^^v^»t iiito tciuk^ suitable to the form of the hold. 

Tiovithiv^k wk^ nH|uested to meet some scientific and 
uunlir^U laoii ut u Navy Board that those great advan- 
tugu^ iiiijijht U> explained. Rising from the consulta- 
lU»u in a hutV, he exclaimed, " I had expected to find 
gvualv>nu^u who would understand the matter, but you 
^ivviii l\> nio to be a lot of old women." He then put 
Viu his hat and walked out. 

On another occasion he recommended his iron tanks 
at the Admiralty Office, and was told that water from 
them would poison all the sailors in His Majesty's ser- 
vice. The question was referred to Sir Joseph Banks, 
who reported that "water kept in iron tanks looked very 
well, smelt very well, tasted very well, and produced no 
injurious eflfects on those who had drunk it." Trevi- 
thick's two eldest children^ spoke of having fastened 
together pieces of cardboard to represent the forms for 
iron tanks and buoys, and were promised a pretty model 
of a ship, about 2 feet long, having little blocks of wood, 
representing iron tanks, fitted to the hold of the vessel, 
and kept in their places by wooden pins. All the deck 
part could be lifted off, that the tanks in the hold might 
be more easily seen. 

This model was sent to the Admiralty, and neither 
Trevithick nor his family ever saw it again. 

"Capt. Aldridge,^ commanding a Government vessel, solicited 
permission from the Navy Board to have some iron tanks placed 
in his vessel : it was refused. He procured a small one at his 
own expense." 

' '* Capt. Alder knew the admiral had some iron tanks sent on 
board, in opposition to the orders of the Victualling Department 
at Deptford." 

^ Residing at Hayie in 18C9. ' Lately residing at nfracombc. 
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" Mr. Coekburii sailed on board the * Amphion,' 32-gun ship, 
in 1813. Iron water-tanks were fitted in the hold ; a pump at 
the main hatchway filled the deck water-tank and the cook's 
copi^ers ; by this means the ship's company were saved a great 
deal of labour. Before the iron tanks were used, the watch was 
employed the greater part of the afternoon in hoisting up and 
lowering down water-casks for the supply of the ship's company." 

Colliers having iron tanks in the bottom of the hold 
would by their use avoid the expense and delay of 
ballasting, and consequently perform a greater number 
of voyages. This wise plan, so fully made public sixty 
years ago, both by practice and precept, has now come 
into general use. 

BaUasUnff of Ships. 

''This is efi*ected in a cheap, efficacious, and convenient 
manner, by employing tanks filled with water. The tanks used 
for this purpose are made of iron, and of shapes and forms 
tulapted to the vessels or trade in which they are to be em- 
ployed, actually occupying no more space when not employed 
for the purpose of ballasting than the bulk of the iron itself — 
of which they are made — ^namely, in a collier, about the space 
of half a chaldron of coals, for they are filled with coals when 
not used for ballasting. By this contrivance the expense and 
*delay occasioned by taking ballast on board, and discharging it 
from time to time, are entirely done away, and a collier will be 
(iuabled to perform an extra voyage, or probably two extra 
voyages every year. 

'' (f reenlanders go out in ballast, and are exposed to con- 
Hiderable risks from its shifting in stormy weather. By 
adopting iron ballast tanks, the expense and danger of common 
ballast will not only be avoided, but the expense of wooden 
casks for the home cargo will Im; lessened by filling the tanks 
with oil, while the ship will also be enabled to bring homo a 
much larger cargo, and with less waste, the iron occupying much 
less Hi)ace than wood, and absorbing none of the contents.*' 

The Admiralty were moved to use the water-tanks, 

r 2 
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and Trevithick asking for an acknowledgment of tbeir 
usefulness was answered by the following letter, written 
on the 9th April, 1811 : — " I am commanded by my 
Lords Commissioners of the Admiralty to acquaint you 
that no report has been yet received relative to the 
iron tanks invented by you for stowing water." 

During 1808, while Trevithick hoped for continued 
occupation on the Thames Tunnel, and profit from his 
patent inventions, he strongly advised his wife to leave 
Cornwall, and with her four little children, to join him 
in London. This troublesome journey was undertaken 
in the autumn of that year. A house had been selected 
at Rotherhithe, in a dingy situation, near the mouth of 
the driftway. There had been much correspondence 
about the wisdom of this move. Mrs. Trevithick's 
brother, Mr. Henry Harvey, advised her not to leave 
her home and friends, until things were more settled 
and more certain in London. Trevithick's notes to 
his wife, however, made everything easy and agreeable. 
More than 300 miles had to be travelled in a post- 
chaise, occupied by herself and her four little ones, 
the youngest of them a baby. The contrast between 
her clean and fresh Cornish home, and the habitation 
at Rotherhithe, did not help to remove the fatigue of 
the journey, and a further disappointment awaited 
her. In her husband's pocket were two of her last 
letters unopened What reasons could possibly be 
offered for such hard-hearted ingratitude ? Trevithick's 
answer to the charge was simply, *' You know, Jane, 
that your notes were full of reasons for not coming 
to London, and I liad not the heart to read an\ 
more of them." 

On the breaking down of the Thames Driftway, they 
removed to No. 72. Fore Street Limehouse In the 
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yard Trevithick set up workshops for coustmcting 
iron tanks and buoys, and model iron ships; to his 
wife this noisy residence could not have been much 
more agreeable than gloomy Rotherhithe. 

During these trials Mrs. Trevithick had the conso- 
lation of making the acquaintance of a friend in adver- 
sity. Mr. Vigurs, a Cornish acquaintance, had married 
a lady, driven by the French revolution from luxury 
in her native land to comparative poverty in London. 
•The two ladies consoled one another over a cup of tea 
and a Cornish pasty at Limehouse ; and on the return 
visit to Bond Street by a sample of French cookery. 

The tank manufactory was under the foremanship of 
John Steel, with the wooden leg, who had been with 
Trevithick in South Wales and Newcastle-on-Tyne on 
the locomotive experiments. Mr. Savage and Thomas 
and Rudge were also making iron buoys under the 
patent, twelve of which had been supplied to Govern- 
ment. Samuel Hambly, who had worked on the Cam- 
borne locomotive and succeeding schemes, kept Steel 
company, both often having to wait for their wages 
until it was convenient to pay ; this fraternity between 
Trevithick and his men extended through the Hambly 
family to a brother, old James Hambly, who taught 
the writer to use mechanics' tools, because Captain Dick 
was such a wonderful man. 

'* 72, Fore Stbkkt, Limehouse, London, 

" Mr. Trevithick, " ^pr^^ ^^th, isio. 

<« Sir, — Above you have a sketch of an end section of a 
vesBcl I measured this morning, for a ground-tier of iron tanks 
to go into the South Sea Wliale Fishery, belonging to Mr. 
BIyth, sail-maker, Limehouse. 

" Tho whole length of the tanks will 1x5 alx)ut 50 feet ; across 
the upper 8urfa4*e, 14 feet (> inches ; the other two sides forming 
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» tri»iig!o (to suit the bottom of the vessel), the perpendicular 
liue of which is 5 feet; the whole containing about 55 toiix. 




'file ttuiks will have to be made in lengths of 7 anti 8 feet eacli, 
so as to stand in between the flooring pieces A and uprights A, 
which are ranged all the way along the keelson of the ship, at 
the distances of 7 and 8 feet. 

" The vessel being so extremely sharj), tlie tanks must be 
made of a peculiar tonn. to fit it ; of course will not easily fit 
any other ; on that account it will be necessary to form a i-on- 
tract with Mr. BIyth for the time when to be completed, and the 
price per ton, together with the mode of payment. A contract 
must also be made with the manufacturer as to price and time 
of completion ; otherwise we are running a great risk in having 
them thrown on our hands, the ship being 
in so great a hurry for them, 

" On Thursday last Mr. Savage received 
a letter from Nt. Dickinson recommending 
an improvement in the ends of the buoys, 
for the better purpose of (as he calls it) keel- 
hauling, liy having them made round at the 
ends, and a staple for making the rope fast 
to, one of which they have made, the staple of which is made 
fast with four sinnll rivets, scarcely sufficient to bear the weight 
of the liuoy itself, exclusive of its buoyHiicy. 

"After descanting a good <leal on the superiority of this 
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iinproveraent, he tells him not to finish or send any more down 
here, but to have the twelve for Government ready for his 
delivery on his arrival home, and then concludes with an in- 
sinuation thai these are not his only reasons why he does not wish 
any more to be sent here ; and it was with the greatest difficulty 
and through the greatest persuasion I was enabled last week to 
procure the two promised to Mr. Pickering before you left home. 

"Mr. Savage has made one with rounding ends brazed on, 
and the rings riveted in, the same as in the old method. 

"This I conceive would answer a very good purpose, pro- 
vided they had made the end pieces of stronger iron than the 
buoy ; but says Mr. Savage if he pursues this method the 
prices will have to be advanced, and in my opinion they are 
already as much as the buoys will bear. 

" Seven of the largest buoys for Government are finished, the 
other five want a few hours' worL Five more are about three- 
parts finished. And in this situation have things stood all this 
week, in consequence of Mr. D.'s leaving orders on Monday 
morning at Mr. Savage's not to proceed any farther till he saw 
them again ; and the Lord knows when that will be ! as he has 
not been seen there since. 

" Mr. Savage was at Mr. D.'s house on Tuesday, and was 
told he would be in to dinner. 

*" I called yesterday, and was told he was gone into the country 
the day before ; but where he was gone to and when he would 
return again I could get no intelligence. 

" I shall go again to-nioiTOW to Somerset House, and shall 
call on Mr. D., and if he does not order to the contrary, I will 
cull at Thomas and Hudge s and hear what they have to say 
about the making of tanks already mentioned. 

" I have to see Mr. Blyth again when he returns from Graves- 
end and Deal, which will probably be on Saturday or Sunday ; 
when I shall very likely write to you again. 

** In the meantime I should like to hear what you have to 
Kay on the subject. 

" I remain. Sir, 

*' Your most oUnlieiit servant, 

J. Stkel." 
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This was followed by a letter apparefitly from 
Dickinson. The name and date are torn oft. 

*' Mr. Trevithick, 

** I have only jiist received the letter sent you by Cock- 
shott's attorney so long ago as the 6th, and which you had 
detained till the 11th, although it states that the expenses are 
going on, &c. This is most unaccountable. 

** Steel has never yet furnishe 1 me with Thomas and Eudge's 
account, made out as I desired a week ago. This is a con- 
duct not to be allowed. 

** I have a letter before me just received from John Steel, 
Horseferry, for 90Z. for barge hire. These with the acceptances 
I am under, and the sums I have paid already, make me begin 
to look about me, and for once to express myself dissatisfied 
generally. 

" It is but of little use I know, and for me to attempt to ttike 
any part in tlie management were ridiculous ; and even Mrs. 
T. has flatly objected even to my sons being in the house ; so 
that on the whole, to know anything about it, I must give my- 
self wholly up to it. 

*' I am much dissatisfied with the neglect of Steel as to the 
keeping accounts, as well as other things ; seeing that half his 
time, I shall say nine-tenths, lie does little or nothing. It were 
easy for him to have made a temporary set of books for the 
present, and to have entered every transaction, had it been only 
for my satisfaction. 

*' The way we are going on I shall tire of, finding sums of 
money, and nothing done. 

'* It were better that Penn's engine had never been under- 
taken, than that it should keep back, as I suspect it does, all 
other things, 

" A coal engine, with the caboose, might and should have 
been ready. 

^* The first towing machine should have been got on with im- 
mediately on the others failing; not an hour ought to have been 
lost in applying to your friend Davies Giddy, tis a stcp[>ing-stouc 
to liord Melville. 
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" Since the tanks came home from the unfortunate Margate 
expedition, Steel might have been delivering the printed letters 
to the captains, and trying, at least, to get them on board ; but 
really this man appears to me to be of very little use in getting 
things forward. The buoy scheme might, through him, have 
been forwarder ; in short, he might if he had been active, have 
been doing many things which have stood still. 

** On the whole things begin " 

Steel had to obey both Dickinson and Trevithick, and 
did not approve of the former's interference in engineer- 
ing matters. Trevithick put the lawyer's letter in his 
pocket, and allowed it to remain there unnoticed. Steel, 
like Trevithick, was a poor hand at furnishing accounts. 
Things were going wrong ; money went but faster than 
it came in. Dickinson wished his sons to look after 
what was going on at the house and workyard, but 
they were refused admission to the house by Mrs. Trevi- 
thick. An account-book in Trevithick's writing shows 
that John Steel, Samuel Hambly, and Samuel Rowe 
were in constant pay in the workshop. Steel was a 
Newcastle-upon-Tyne man : he had been with Trevi- 
thick for seven or eight years ; the first mention of his 
name being in connection with the Welsh tramroad 
locomotive as engine foreman in 1 804. 

Samuel Hambly, a cousin of Mrs. Trevithick's, and 
Samuel Rowe were still older hands, having worked 
upon the first high-pressure experiments and the Cam- 
liorne, London, and Welsh locomotives: both Hambly 
and Rowe were Comishmen ; these men performed an 
important share in bringing those inventions into use, 
and often continued to work when there was not the 
means of paying them their wages. 

The unfortunate Margjite exj)edition is very charac- 
teristic of Trevithick's readily applying hiinwlf to new 
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requirements ; two vessels and sixteen men left London 
for Margate to raise a sunk ship. After nearly a month's 
labour, an attempt was made to fasten iron tanks to the 
vessel : one man refused to wet his feet, another was 
willing to fasten the tanks, but refused to put the bolts 
into their places for the purpose of fastening; others 
would not go unless they could be brought back to their 
lodgings on shore, without the risk of being obliged to 
sleep on board a gun-boat. It was a case of mutiny. 
The account goes on to show that during forty-two days 
the men only worked on the sunken wreck six hours 
each, at an average cost per man of 23/. 

The late Mrs. Trevithick informed the writer that 
the vessel was really raised, and was being floated into 
shallower water, when a dispute arose about the pay- 
ment. Her husband wished an immediate *'yes" or 
"no" to his bargain. The shipowners wished to defer 
the answer until the ship was safe. In a moment the 
tanks were cast loose, and the vessel was again a 
sunken wreck. 

"Description of the Proceedings at Margate. 

In Trevithick's handwriting: : 

''January 30<A, 1810. — Trevithick and Dickinson engaged 
sixteen men with two vessels and crews to go from London to 
Margate to recover a sunken ship. 

"These men were engaged at lOs. Qd. per tide when at work, 
and 7s. ()d. when idle or not able to work. They were providcHl 
with victuals and drink and lodgings. 

** On the -1th February, it being low water at five o'clock in 
the evening, Mr. Trevithick called on George NichoUs and 
four of his partnere to go off to the sunken ship, which lay 
about four miles from the land ; a gun-brig being stationed by 
order of the Admiralty, near the ship, for the pur{>ose of pro- 
tecting those men and the wreck, and assistinjr us. 



IRON TANKS. 299 

** About three o'clock in the aftemoou of the 4th February, 
the boats belonging to tike gun-brig were sent on shore to take 
these men off to the wreck : George Nicholls and four of his 
partners refused to go;- one of them said he should not wet his 
feet, another said he did not come down to bore holes, and put 
screws into the ship's sides ; that when the work was done, 
ready to put on the tanks, that then he should have no objection 
to go off to the ship and lash on the tanks, but he would be d — 
if he did any more. 

** The other three said they would not go, unless the gun-brig 
boats would bring them back again to their lodging that same 
evening. 

'' My answer was that I would request the officer in the boat 
to take them back that evening, and I did not doubt but that 
he would ; but if he would not take them back, the tide would 
not permit us to work on the wreck later than seven o'clock 
that evening, and they would then go on board the gun-boat 
and wait until ten o'clock, at which time there would be water 
to float one of our own ships out of Margate Harbour, and then 
they could go to their own hammocks on board our own ships. 
Their answer was, we will be d — before we will go on board 
the gun-brig." 

This .application of iron tanks must have been widely 
known, for shortly afterwards be was consulted by 
Lloyd's on the means of raising, under similar circum- 
stances, a sunken ship. 

,, ,^ " Cornwall, Camboknk, 2iUh March, 1812. 

"Mil Brackenbuby, 

" Sir, — I have yours of the 14th, enclosed to me by Mr. 
Giddy, in answer to which, respecting the lifting of sunken 
vfHsels by wrought-iron tanks, the practice has been tried in 
Ix)ndon, and fully answered the pur[)ose of raising vessel and 
cargo. 

*' I can make and send to IJveriiool any numl)er or size of 
tanks yon wish. The tanks made for London would lift about 
ten tons eac^h, but I should prefer a larger size, about 7 feet 
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diametor and 20 feet long. Eight tanks would lift a 500-ton 
ship, unless she was loaded with iron or some very heavy 
cargo. The expense would be about 200Z. each tank. 

" Four tanks will lift a ship of 300 tons, unless loaded with 
an unusually ponderous cargo. 

** If you wish to have a drawing or a model, to show the 
effect in a small way, please to write to me, and I will furnish 
you with every necessary for the purpose. 

** I remain, Sir, 

" Your very humble servant, 

" Richard Trevithick." 

The tanks used at Margate lifted each of them 10 tons, 
but larger ones would be preferable, 7 feet in diameter 
and 20 feet long. His mind was running on his con- 
templated Cornish boilers, the first of which on a large 
scale was made in the latter part of that year, and did not 
differ much from the dimensions of the proposed tanks. 
The number and cost of the tanks required to raise the 
sunken vessel, and a drawing of their application, or a 
model of the ship with the tanks attached, was offered, 
making the whole business plain and distinct as though 
the designing it was mere child's play, and the putting 
it into execution the work of an intelligent boy. 

Trevithick made no profit by the valuable invention 
and practical introduction of iron buoys and tanks. 
Mrs. Trevithick said that when at that period her hus- 
band was imprisoned for debt for the money he had 
expended in making known the usefulness of the tanks, 
Mr. Maudslay visited him, and expressing his concern 
that so clever a man should be shut up in prison, asked 
what the debt was, and what he intended doing with 
the patent. Trevithick replied that the patent had done 
him more harm than good, though lie was sure it was 
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an excellent thing; and on a sum of money being 
tendered in exchange for the patent, he was once more 
a free man. 

Harry Maudslay was then spoken of as an excellent 
smith, and was the foimder of the engineering firm of 
Maudslay, Son, and Field ; his handy work helped some 
of Trevithick's schemes, and he is said to have profited 
by the manufacture of the patent iron tanks, the right 
to which he had bought. 

Penn at the same time, now more than sixty years 
ago, was also employed by Trevithick to construct a 
coal-discharging engine, with steam-cooking apparatus, 
and a steam tug-boat, under the patents of 1808 and 
1809, together with some other marine steam-engine, 
then in hand, probably the adapting to steamboat pro- 
pulsion the locomotive * Catch-me-who-can ' of 1808, 
whose first application had been in the dredging barge 
of 1803, and was now in 1810 to propel a Lord Mayor's 
barge. Trevithick's eldest son still recollects seeing in 
1809 or 1810 in Cockshott's yard an old Lord Mayor's 
barge in which his father was placing his high-pressure 
steam-puffer engine. 

Lord Melville's influence was solicited for the encou- 
rjigemcnt of the Government in making useful such 
novel schemes, but the want of support and debts in- 
curred ended in an attack of brain fever and postpone- 
ment of the useful marine steam-engine. 
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ClIAPTEK XIV. 

8HIPS OP WOOD AND IRON, AND IRON TANKS. 

TrevUhick and Dickinson's SpecifiecUion of 1809. 

" Thk first of our said inventions or improvements is, a mov- 
able caisson or floating dock, made- of wrought-iron plates 
riveted together, or fastened together by screws, or in any 
other Si^cure manner for docking a ship -or other vessel of 
eonsiderablo size while riding at her moorings in any suitable 
df»pth of water, by means of which the said ship may be sup- 
portcMl tiH in a common dock, and the water pumped out so as 
to leave her keel dry in a few hours, without removing any of 
her Htoivs, masts, or furniture. The said caisson or floating 
d(K'k may be made of any convenient size or dimensions, but 
for the sake of precision in our description thereof, we shall 
nu»ntion certam dimensions fit to receive the largest first-rate, 
at the same time that we shall describe its form and structure. 
The internal figure of the said caisson or floating dock resembles 
that of a boat, and it may be made of wrought iron half an 
inch thick, and 220 feet long and 54 feet wide and 30 feet deep, 
with a flanch 6 feet wide extending horizontally outwards from 
the upper edge for the workmen to stand upon, and also to 
strengthen the caisson ; the weight of such a caisson or floating 
dock is nearly 400 tons, and it is surrounded by an air-chamber 
or by air-chambers riveted water-tight to its external surface, 
which renders it so buoyant that it will draw only 9 feet water 
when the said air-chamber or air-chambers is or are empty ; 
and the said air-chamber or air-chambers doth or do consist 
of wrought-iron plates riveted together, so as to form a semi- 
cylindrical hollow protuberance extending along the sides of the 
caisson horizontally, and of a figure which in any of the vertical 
sections thereof would present a semicircle, or outline nearly 
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approaching to a semicircle, which is the best outline, although 
other outlines mav be used ; and the said air chamber or 
chambera contribute much to strengthen the caisson or dock, 
and support the principal shores from the ship, and the strength 
of the caisson may be still further augmented, if necessary, by 
edge bars within. The method of using the Faid caisson consists 
in taking it to the ship intended to be docked, and then the 
water is to be let into the caissons by an opening with a valve 
at the bottom, and the caisson is to be suffered to sink until the 
upper part is even with the surface of the water, the air chamber 
or chambers still keeping it buoyant ; a small quantity of air is 
then to be discharged by opening a plug-hole, or a valve in the 
air chamber or chambers, until a quantity of water has been let 
in just sufficient to sink the caisson, which is then to be drawn 
under the ship's bottom. This being effected, the caisson (of 
which the residual gravity or preponderancy for sinking is very 
little) is to be raised to the surface of the water by ropes made 
fast to the caisson from each quarter of the ship. A pump placed 
within the caisson is then to be worked by manual labour, or any 
suitable power ; but we prefer for this purpose a steam-engine ; 
one of 12-horse power, placed in a barge alongside the caisson, will 
empty it in three hours, and reduce the draught of a first-rate 
ship of war 8 feet, namely, from 26 feet to 18 feet, and then she 
may be carried up into shoal water if required, because the caisson 
will float with the draught of only 18 feet, while the ship she carries 
would have required 26 feet. As the ship is to be supported by 
props or shores as if in a dock, it is manifest that the external 
pressure of the water against the caisson will support the ship, 
and she will ride with all the stores on board, and masts stand- 
ing, nearly as easy as when floating in the water. The advan- 
tages of this invention for inspecting the bottoms of ships in an 
extremely short time, and of docking them in places where that 
process would else have been impracticable, and of carrying them 
over bars and shoals, are too obvious to require any detail ; and 
if at any time the caisson should, from blowing weather or any 
other cause, be thought inconvenient, it may be cast off and 
suffered to sink to the bottom, and may be afterwards weighed 
with as little inconvenience as raising an anchor. 
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** The second of our asdd inreiitioiis i&, to bvifld in the smme 
manner as the floating dock, not small craft fit for canals and in- 
hmd navigation, such haring be^i long in use, bat ships oi war» 
East Indiamen, and other h^ge decked ressels fit to naTigaie 
the ocean. In such ships we mean to make the decks as well as 
the sides of plates of wrought iron, rireted or joined by screws, 
not only to each other, bat to the sides of the ship, and to sappoK 
the decks with wroagfat-iron beams. Ships so constmcted will 
possess the following advantages : they can be boilt at mach less 
expense than wooden ships of eqoal dimensions, the material is 
not only a home production bat inexhaostible ; they will be mach 
lighter and of greater capacity than a vessel of eqoal oastide 
dimensions built of wood, and will consequently carry a larger 
cargo, while they will be also much stronger, safe against fire, 
tight in a gale of wind, require neither caulking nor copper 
sheathing, will defy all mischief from vermin, will never become 
unhealthy, and will be extremely durable ; they will also have 
this advantage, in a battle there can be no splinters ; a shot will 
carry away no more of the ship's side than the diameter of the 
ball, the hole may be instantly plugged, and the damage can be 
repaired at sea. 

^' The third of our said inventions or improvements doth consist 
in making masts, bowsprits, yards, and booms, of wrought iron, out 
of plates riveted or screwed together in hollow or tubular forms. 
These masU being hollow tubes, the upper mast may be made to 
slide into the lower mast, as the inner tubes slide into the outer 
tube of a pocket telescope, or they may be struck exai-tly in the 
same manner as the wooden masts are at present, but we prefer 
the former method, because by making the masts in a sufficient 
number of sliding pieces, the whole may be lowered by means 
of ropes and pulleys successively, till all be as low as the deck ; 
an arrangement which affords to a ship in the case of a storm 
that advantage which is endeavoured to be obtained by cutting 
away masts made of wood. When the storm is over, these masts 
may be raisefl again to their first situation and original utility 
with great ease. The bowsprits, when so wanted, may also be 
nia<le in sliding pieces like the ma<^ts. 

**Tho fourth of our wiid invontions or improvements doth 
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consist in the preparation of timber, by seasoning the same most 
effectually and in a very short time, and also by giving any re- 
quired curvature during the seasoning process which shall after- 
wards continue perfect and invariable. For these purposes we 
place the said timber in iron chambers, disposed over a long 
horizontal flue which communicates between a fire-place or 
furnace and an upright or ascending chimney. The heated air 
and smoke which has passed through the fire, and is incapable 
of producing or maintaining any combustion in the wood, is 
admitted into the said chambers by regulated openings with 
dampers, and so thoroughly heats the said wood that the crude 
sap and pyrolygnic acid become evaporated and driven out, and 
may, if required, be collected for use in manufacturing processes ; 
and by this treatment the wood becomes firm, hard, thoroughly 
dry, and well seasoned throughout its whole substance ; and we 
do construct some of our said chambers with a curved side of 
such a figure as it may ho required to give to the wood by bend- 
ing ; and we do, by means of screws, chains, or bearing pieces 
suitiible to the figure intended to be produced, the form and 
application of which will be readily apprehended without any 
further instruction by any competent workmen, gradually com- 
press and bend the said wood against the said curved side, during 
the time of the said seasoning heat, until the desired flexure is 
produced therein ; and we do sufiier the said wood, so bended and 
seasoned, to remain, until cold, before we proceed to slacken or 
relax the actions of the said chains, screws, or bearing pieces ; 
or otherwise, instead of making a curved side to the chamber, 
we do place or fix within the said chamber such curved pieces 
or pins or reaction pieces as may be suitable to the eflect and 
figure required to be produced. 

*' The fifth of our said inventions or improvements doth consist 
in a method of framing or putting together the hulls of ships or 
vessels. The said method consists in substituting, in the place 
of those pieces which are disposed between the outer and inner 
planking, and are called ribs or timbers, a double range of 
straight-grained pieces of half the substance, more or less, and 
as long as can be conveniently obtained, the same being bended 
to the proper figure by the means before described, and placed 

VOL. I. X 
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contiguous to each other between the outer and inner plankmgy 
with the joints, as far as possible, from being opposite each other, 
and the whole is secured by bolts or treenails as usual or other* 
wise. The said pieces may be disposed, not upright or at right 
angles to the keelson, but oblique, the inner range of these 
pieces being inclined forward on the one side and aft on the 
other side of the ship, as they rise from the keel, and the outer 
range of these pieces being inclined in the contrary direction to 
that of' the inner range which they cover, by which arrangement 
the said ranges do act with regard to each other as diagonal 
spurs. 

" The sixth of our s^id inventions or improvements is, buoys 
made of cast-iron or of wrought-iron plates, screwed, brazed, 
soldered or riveted together, so as to form a hollow water-tight 
vessel of any shape or size that may be requisite. The advantage 
of these buoys is, that they cannot be injured by worms or imbibe 
water to make them lose any of their buoyancy, and conse- 
quently that they will at all times float higher and be better 
seen than buoys made of wood. 

" The seventh of our said inventions or improvements consists 
in a method of working an arm or lever attached to a steam-engine 
for the purpose of hoisting, pumping, rowing, or other similar 
works in naval affairs. To effect this the piston-rod of a steam* 
engine is racked on one side, and drives a wheel, or a portion of 
a wheel, which has a horizontal axis, with an arm of considerable 
length attached thereto. The whole of the said apparatus, and 
the steam-engine for working the same, which we usually con- 
struct of about the weight of one ton, may be placed on wheels 
and conveyed to different parts of the ship ; and the said arm, 
which may be varied in its length as well as in the inclination of 
its positions at the ends of its stroke, may be employed in 
hoisting a basket of coals successively out of the hold of a ship, 
and conveying the same by means of a rope of suspension, to the 
gangway ; or goods may in like manner be hoisted and carried 
over the side, and, in cases where the hoist may prove too long 
for the circular motion of an arm to carry the goods sufficiently 
high or with due perpendicularity, we avail ourselves of a runner 
or rope, one end of which is made fast to the deck, and the other 
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seryes to seize the goods, while the bight or bend of the rope 
passes over a sheave or pulley at the extremity of the arm ; and 
by this contrivance every seaman and mechanic will be aware 
that the hoist is rendered more direct, and the rise and fall 
nearly double ; and further, we do apply the said arm to pump- 
ing ship and other like uses ; and when the said arm is passed 
over the side it may be employed to work a paddle or rowing 
board of the usual construction, or a rowing trunk of the con- 
struction hereinafter described. 

''The eighth of our said inventions or improvements is, a 
rowing trunk, tube, or prismatic cavity. When the stroke of an 
oar or any similar implement is made against water, for the 
purpose of obtaining a reaction as nearly as may be similar to 
that of the resistance of an immovable body, part of the force 
is lost in producing a lateral motion in the water which escapes 
sideways, and the blade of the oar is far from being stationary. 
If the oar were to pass in a channel to which it is fitted, and the 
channel were of such dimensions as to present a great length of 
water before the oar, which could not otherwise nfove than by 
passing out of the channel, it is demonstrable that the said mass 
of water may be assumed of such a magnitude as to render the 
actual motion of the oar, by a given force and during a given 
time, less than any assignable quantity. We have availed our- 
selves of the foregoing considerations in our rowing trunk or 
tube. It consists of a tube of considerable length disposed 
horizontally in the water, and the stroke of rowing is made by 
means of a piece of the nature of a piston with valves, which is 
acted upon by the rowing arm and eliuts the valves; but in the 
return of the stroke the valves open, and the said rowing trunk 
or tube being attached to the vessel, and its contents having too 
much inertia or resistance to receive much velocity from the 
piston, the vessel itself and the tube are carried along with much 
more power and effect that by common rowing. If the tube 
itself be made movable and attached to the rowing arm, and 
there be a stop within of ttie nature of a valve to shut against 
the stroke, and open with the return, the effect will be the 
same. 

'' And lastly, the ninth of our said inventions or improvements 

X 2 



308 SHIPS OF WOOD AND IRON, AND IRON TANKS. 

consists in the adaptation of various particulars or additional 
parts made of iron, and conducing to the comfort and better 
subsistence of mariners and others, unto the boiler of the steam- 
engine that may be used for the forementioned purjxxseSy that is 
to say, in the upper part of the said boiler we insert or fix a 
vessel, either single or divided into compartments, for boiling 
provisions in water, or cooking the same in steam ; and in the 
part of the said boiler opposite the fire-place we insert or fix an 
oven surrounded by a space communicating with the chimney, so 
that the walls of the said oven shall be surrounded by heated air, 
and not in contact with the water ; and further, we do adapt and 
apply to the boiler, or to the place of escape at the steam-cock, 
any of the apparatus heretofore in common use for condensing 
steam, in order to procure fresh water ; and we do apply and 
use the said last-mentioned addition to the boiler either sepa- 
rately or together as may be required. 

**In witness whereof, we, the said Richard Trevithick and 
Robert Dickinson, have hereunto set our hands and seals, 
twenty-eighth day of October, in the year of our Lord 
this one thousand eight hundred and nine." 

A movable caisson or floating dock, made of wrought 
iron, of such capacity that the largest first-rate of that 
day, in fighting trim, might in a few hours be dry- 
docked, was an undertaking worthy of Trevithick. 

The internal figure of the floating dock resembles 
that of a square-sided boat, made of wrought iron, half 
an inch thick, 220 feet long, 54 feet wide, and 30 feet 
deep, with a flange 6 feet wide, extending outwards 
from the upper edge, giving strength and a convenient 
platform for workmen to stand on. Large semicircular 
air-chambers, extending the whole length of the ex- 
ternal sides, sufficed to float it when full of water, and 
gave strength to its sides. It would weigh about 400 
tons, and when floated to the ship, valves allowed the 
dock portion to fill with water, which brought it down 
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to about the top line of air-chambers ; the bottom line 
of air-chambers was then filled until tjie dock was almost 
betwixt sinking and floating, when by the use of chains 
it was hauled under the bottom of the floating vessel, 
and again raised as high as convenient, the vessel being 
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inside; the water was then pumped out of the air- 
chamlwrs, causing the top of the dock to rise above the 
water-line, after which the dock and vessel might be 
floated to shallower water. A steam-engine pumped the 
water out of the dock in three hours, raising its top 
alx)ut 8 feet al)Ove the floating water-line of the vessel. 
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One end of the dock might be removed, thus allowing 
the vessel to be mpre easily floated into it. 

Iron had before been used in constructing small craft 
for canals and inland navigation ; but not for ships of 
war, East Indiamen, or other large vessels fit to navi- 
gate the ocean. The reasons why iron should be used in 
preference to wood were seen clearly by Trevithick at 
first, as they are now known with sixty years of expe- 
rience. His last reason of the many good ones was, 
perhaps, better understood by him then than it is now, 
and the day may still come when, instead of trying to 
keep out an enemy's shot, it will be allowed to go 
through with the least amount of damage, soft tough 
iron being used in the construction of fighting ships. 

The invention of hollow wrought-iron masts and yards 
and the method of sliding one into another, like a pocket 
telescope, bringing all down to the deck level, has not 
been made practical during the sixty years since Trevi- 
thick recommended their use; but his working model 
and detail description show that he believed it prac- 
ticable. 

The bending of timbers or planks for ship-building 
was to be performed in an iron chamber, having screws 
so placed that from the outside they might be worked 
to force the timber into the required curve. Hot air 
and coal smoke or gas, passing through the iron 
chamber, heated the wood, causing it to bend freely, 
and at the same time the sap to evaporate. 

The doing away with the ribs or bent framing of 
ships, substituting a double layer of planks, placed dia- 
gonally, was a method of ship-building since known as 
"diagonal planking," and much used in the present 
day. 

The sixth invention, that of wrought-iron buoys, 
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has since como into general use, especially where, as 
Trevithick points out, buoyancy is required ; and non- 
liability to injury from worms. 

The seventh invention was an improvement on the 
nautical labourer of the year before, and might be 
called the " steam-arm." * The engine and boiler com- 
plete, weighing a ton, was naoved about the deck on 
wheels. That part of the piston-rod extending beyond 
the cylinder was a rack, and worked a toothed wheel, 
on the axis of which an iron arm or lever was fixed, 
which could be lengthened or shortened at pleasure, 
probably by sliding on the axle with tightening screws, 
making a sort of steam-crane. Suppose coal was 
being discharged in the ordinary baskets, the basket 
in the hold would be hooked on to the rope attached to 
the end of the steam-arm, then about horizontal ; turning 
on the steam caused the toothed wheel to make a portion 
of a revolution, causing the arm to rise to the required 
height with the attached load. Should the height to be 
lifted be greater than the length of the arm, the bight 
of the whip-rope worked on a pulley in the end of the 
arm, so that the space moved through by the basket 
was twice as much a8 that moved through by the end 
of the arm. The toothed wheel on the same axis as the 
arm could also be changed in size, to suit the speed and 
power required. If the pumps had to be worked, the 
steam-firm was shortened to suit the stroke of the pump. 
If the windlass had to be worked for lifting the anchor, 
warping the vessel, or other purposes, the steam-arm 
was attached to the i-atchet-lever on the windlass ; if the 
vessel had to be rowed, the steam-arm moved a paddle 
or rowing board of other construction. 



* S«" piitcnt, 1808, PnijiellinK VchHeln. 
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The eighth invention was devoted to the method of 
making this rowing arm effective by preventing the 
slip or escape of the water from the face of the oar or 
float-board, by causing it to work like a piston in a 
pipe, the sides of the pipe preventing the slip or dis- 
persion of the water, except in the direction most suit- 
able for propelling the vessel. The pipe was attached 
to the side of the vessel below the water-line, the steam- 
arm moving the piston backwards and forwards; the 
piston was a kind of thin hoop witli a large valve, 
like a pump-bucket, except that the valve was larger. 
When the piston moved toward the bow of the vessel, 
the large valve opened, allowing the piston to move on 
its forward stroke without resistance ; on the return or 
back stroke the valve in the piston closed; then the 
solid piston being forced against the water in the pipe, 
caused the vessel to advance. 

The real object and value of these two last inventions 
was to make his high-pressure portable engine so simple 
and manageable, that it should do almost any of the 
ship's work more effectually and at a much less cost 
than manual labour. Sixty years have sufficed to bring 
into partial use the present donkey-engines, which are 
the growing representatives of the original nautical 
labourer and steam-arm, but they have not yet per- 
foimed one-half of what Trevithick intended they 
should do. 

The ninth invention in this remarkable patent proves 
the constant tendency of Trevithick's genius to elevate 
man, by making matter subservient to his wants. 

The boiler of the steam-arm is to " conduce to the 
comfort and better subsistence of mariners," by inserting 
in its top an iron vessel having one or more compart- 
ments in which provisions are boiled in water, cooked 
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ill steam, or roasted in an oven, and the ship's company 
supplied with fresh water, hot, if required, from the 
steam given off by the salt water in the boiler. 

A pamphlet was published, from which the following 
is extracted : — 

"* Prospectus addressed to the consideration of His Majesty s 
Ministers, the Right Hon, the Lords of the Admiralty, and 
others. February lO^A. 1809. 

*'A Brief Description of a Wbouoht-iron Movable Caibson with a 
Rudder, fob Docking a Ship while Riding at hsb Moobings. 

'' This plan may be practised in all countries, and must be 
particularly advantageous where there are no dry docks or flow- 
ing of tide. Ships on many foreign stations when requiring to 
be docked are now obliged to be sent home, at a great expense 
of money and waste of time, others being sent to replace them. 
This may be avoided in future. Docks made in England may 
be Kent out in pieces of five or six tons, with the necessary rivets 
and bolts, ready to be put together where they may be wanted. 
Such a dock would last for twenty years without repair. When 
worn out it may be broken up, and will sell for one-third of 
its original cost. 

" By constructing this caisson, adapted to local circumstances, 
shi|)8 of war and merchant shi{)B, with all their stores and 
cargoes on board, can be carried to wharfs and storehouses up 
rivers, where the depth of water is not above one-half the ship's 
dmught. For example, in the river Clyde the ships may be 
carried to Glasgow, instead of being obliged to unload at Port 
Glasgow, some miles lower down the river. 

*' For a long period the only means employed to eflcct the 
bending of shi|M' planks was by exposing them to the heat of 
open tires, and in most parts of Europe this is still the practice. 
iVs hitherto conducted, it has been found to be a tedious, 
hlovenly process, atten<led with a great expense of fuel, and 
unequal in its effects, some parts being only partially heated, 
while others are burnt. Another system was therefore resorted 
to, that of employing steam ; and it mii8t be allowed that this 
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mode of bending has been found to answer, so far as the interest 
of the ship-builder is concerned. But ship-owners have suffered 
from its eflfects. It is possible by means of steam to give the 
required degree of flexibility to planks ; but steam of a degree 
of temperature high enough to destroy the vegetable sap can- 
not be confined in vessels of any reasonable strength. Wood 
80 treated has been found liable to a sudden decay. The dura- 
bility of charred wood is confirmed, by being found in burnt 
ruins free from decay after several hundred years. 

" The process now recommended is for heating both planks 
and timbers without steam, and in such a manner that they 
may be enveloped and equally surrounded on all sides with hot 
air and smoke, the coal-tar contained in the latter entering at 
the same time the pores of the wood, and acting as a feeder. 

" This process is so conducted as to prevent the wood from 
being burnt by it ; all the air that reaches the timbers while 
under process being previously obliged to pass through the fire, 
and being by that means deprived of its oxygen, on that prin- 
ciple which maintains combustion. 

"The means employed to efiect this are horizontal curvi- 
linear flues, made of cast iron, adapted to the forms intended 
to be given to the wood, and furnished with a powerful but 
simple apparatus for applying the force requisite to bend the 
timbers into the required form. The heat can be so managed 
as to give at the same time the degree of charring requisite for 
the preservation of the timber against wet and dry rot." * 

Mrs. Trevithick spoke of a very pretty model at 
a scale of 1 inch to 8 feet, showing a first-rate ship, 
fully rigged, enclosed and floated in a dock of thin 
iron. It was sent to various places to make the plan 
known, and so was lost. A rudder was fixed to the 
dock for steering it, or it might be made in pieces, 
for a foreign country, and be there riveted together. 
During 1869 a floating dock, w^ith a rudder, was towed 
to Bermuda; and a steamer of 150 tons burthen was 

^ Pamphlet, 10th February, 1809. 
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constructed in England, in separate pieces, or plates, 
to be sent to the White Nile, there to be riveted 
together. 

The particular advantages of floating docks in coun- 
tries not having the rising and falling of tides, arose 
from vessels in such situations having to be sent great 
distances in search of a dry dock. 

Timber had been bent before the date of Trevithick's 
patent by exposing it to the heat of an open fire and 
to steam, the latter plan not destroying the sap, while 
the open fire was unmanageable in the uniform heating 
of the wood and in the difficulty of bending, both of 
which were given in the iron flue; while the coal-tar 
contained in the smoke entered the pores of the wood, 
preserving it, and may be called the origin of the 
modern most approved method of creosoting wood by 
heated coal-tar. 

In addition to the pamphlet a long statement of the 
advantages to flow from tbe patent was sent to " The 
Honourable the Commissioners of His Majesty's Navy." 

** We presume that our plan goes to obviate most of the evils 
<.'omplaiued of in Lord Melville's letter to Mr. Perceval. 

" By our process we give a greater degree of curvature than 
18 required for ships' ribs to a piece of oak fourteen inches 
square and fourteen feet long. 

" Shijis' ribs standing perpendicularly, as they now do, instead 
of holding by each other, require, absolutely require, to be held 
together by other and collateral means, namely, the planks 
and lining. Hence the longitudinal strength of a ship depends 
on these same planks and lining, and not at all on the ribs, 
whose disi>osition of themselves is to diverge and tumble to 
pieces, instead of leaning against and bracing each other, inch 
by inch, throughout the whole ship. Ships' ribs, as we purpose 
to place them, are to be split, and cross each other at all points, 
the one sett stretching diagonally towards the head, and the 
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other towards the stem, each forming a diagocal stay, not at 
right angles, but forming the lozenge, diamond, or lattice, or 
close, if preferred, in which case the starting of a plank would 
be of no consequence. We have a model and drawings exem- 
plifying these facts, which we desire to be permitted to exhibit,** 

The winner in the race of homeward-bound clipper 
tea-ships in 1869 was built on the diagonal principle. 
The experience therefore of sixty years has proved the 
correctness of Trevithick's plans. 

In 1835 the writer was employed in putting engines 
on board the * Diamond,' a new steamboat on the Thames, 
competing for the traffic below London Bridge, and spe- 
cially built to excel the others. The outer planking 
was horizontal, backed by two thicknesses of diagonal 
planking ; thus the whole thickness of the ship s side 
was but 3 J inches, while a few iron knees tied the deck 
tivnl)erH to the ship's sides. The vessel was 145 feet 
long. Engines of 40-horse power gave her a speed of 
12jt miles an hour, the greatest that had then been 
attained on the Thames. 

Diagonal planking is now generally adopted in build- 
ing life-boats ; its usefulness is still extending, and the 
writer believes one of Her Majesty's favourite yachts 
was so constructed. 

A memorandum in Trevithick's writing, without 
date, but evidently of about the period of the patent 
of 1800, gives his views of the detail of an iron sailing 
ship. The necessary calculations for the parts are 
jumbled up with the writing, as he proceeds with the 
description. Unfortunately the drawing he refers to 
has disappeared. The vessel was for a trader, carrying 
300 tons, drawing 8 feet 3 inches. The length 70 feet, 
width 35 feet, depth of hold 10 feet. The keel 1 inch 
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thick, the vessel's bottom f of an inch thick, the sides 
^ an inch, the deck ^ths of an inch, and the gunwale 
I of an inch thick, the whole riveted together and 
strengthened with iron ribs in the hull. Three iron 
keels of 2 feet in depth and 2 feet apart gave strength 
to the bottom and helped sailing qualities on the wind, 
while the great breadth enabled her to carry canvas 
without taking ballast. The weight of the vessel was 
70 tons. The masts and yards were wrought-iron tubes, 
the shrouds and stays were iron chains; each of the 
two masts was supplied with a square sail 50 feet high 
by 44 feet wide, its larger half being afk of the mast, 
as a lug sail. This aft or long end of the fore-yard 
was connected by a chain with the fore or short end of 
the yard on the main-mast, thus making the two sails 
balance one another to save labour in trimming them. 

The yards were centred on the masts, and could be 
lowered down, while the sails fixed to the yards reefed 
themselves by rolling on the yards as a roller-blind. 
Studding sails had two-thirds the spread of the square 
sails, the yards for which slid into the hollow main- 
yards when not wanted. Such an iron vessel would 
not disgrace a builder of the present day. The pecu- 
liarity of reefing by rolling on the yard has since been 
tried with some success. 

The pamphlet of 1809 thus speaks of the tubular 
iron mast, and establishes the date of the drawing and 
memorandum referred to : — 

'' Sliding tubular masts, made of iroii,and so oonstructed that 
the upper ones slide into the lower in a manner somewhat like 
a {)ocket telescope. 

** A model of one for a first-rate ship, on a scale of one-eighth 
of an inch to a foot, is now ready for inspection. 
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" This tubular mast, being half an inch thick, and the same 
height and diameter as a wood mast, will be lighter, consider- 
ably stronger, much more durable, and less liable to be injured 
by shot, and will cost less money. 

This mast is made to strike nearly as low as the deck, to 
ease the ship in a heavy sea. Yanls and bowsprits may also 
be made of wrought iron, and chain shrouds and chains will not 
cost half the expense of rope." ^ 

The description in Trevithick's handwriting gives 
such close detail, that a practical intention of construct- 
ing such a ship of iron, with tubular masts and yards, 
and self-reefing sails, was certainly made public, if not 
really acted on in 1809, as is evidenced by the workman- 
like grasp of the whole design, expressed in few words, 
interspersed with calculations establishing his practical 
deductions, resulting in the greater speed, carrying 
power, and economy of management of iron sailing 
ships as compared with wooden sailing ships. 

The figures in his detail description are omitted, as 
the calculations were frequently broken off, when he 
mentally saw the approximate result. 

** A plan, side and cross section of a wrought-iron trading 
ship. Scale one-sixth of an inch to a foot. 

" Vessel to be 70 feet long, and 35 feet wide on the deck, 
and 10 feet deep in the hold, with three iron keels of 2 feet 
wide, with iron rods for strengthening the hull, the whole riveted 
together the same as a steam-engine boiler, the keel to be 
1 inch thick, the bottom three-quarters thick, the sides half an 
inch thick, the deck three-eighths thick, and the gunwale one 
quarter of an inch thick. The mast and yards wrought-iron 
tubes, and the shrouds and stays iron chains. 

'* Weight of the ship 70 tons, width of the sails 44 feet by 
50 feet high, two-fifths before the mast, and three-fifths aft the 
mast 

* Pamphlet, February lOth, 1809. 
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''Studding sails two-thirds of the width of the large sail. 
Deep water-line with 300 tons, 8 feet 3 inches, including the 
keels of 2 feet in depth. 

'* The yards fall down near the deck, and the sails reef them- 
selves without going aloft, and are always drawn tight in a 
chain frame, that holds the sails close to the wind, and pre- 
vents their flopping. 

*' The yards being centred on the masts, and the after-end of 
the fore-yard chained to the fore-end of the after-yard, balances 
the sails, that they go about easily. 

''The iron keels act as ballast; and, together with the 
extreme width of beam, euable the required canvas to be 
carried without taking in additional ballast. This vessel would 
be lighter, sail faster, stow more cargo, be more durable, and 
worked with a less number of hands than a wood vessel." 

The news of the day describes a race between the 
English yacht * Livonia' and the winning American 
yacht * Columbia/ a largo centre board schooner, built 
in 1871, 98 feet long, 26 feet beam, 8i feet hold. 
Trevithick's iron trader of 1809 was 70 feet long, 
35 feet beam, 10 feet hold, to which add the sliding 
keels, described in the following chapter ; and the two 
schooners, allowing for the different requirements of 
racer and trader, exhibit similar general principles, 
though the vessel of sixty years ago had spars and hull 
of iron. 

From the time of his work on the Dredger in 1803 
to his leaving London in 1810 his occupations caused 
him to be almost daily within sight of the ships and 
mercantile operations on the Thames — iron buoys, iron 
tanks, iron docks, iron steamboats, iron sailing vessels, 
iron fighting ships, designed, patented, and more or 
less brought into commercial use, were results of those 
seven vears of labour. 

Our small and im|>erfect knowledge of Richard 
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Trevithick has caused him to be regarded merely as 
the inventor of the high-pressure steam-engine, while 
in truth that one machine, among his numerous useful 
discoveries, was but as a foot or hand to a perfect man ; 
just as it took its place of relative usefulness in the 
improved sailing ship made of plates of iron, giving 
greater safety and comfort to the sailor, reducing his 
labour by the use of sliding keel, water ballast, and self- 
reefing sails ; the steam-engine giving auxiliary propel- 
ling power, discharging cargo, and weighing the anchor, 
while the steam-boiler gave facilities for cooking food, 
and the iron tanks a larger supply of more wholesome 
water. 

Many men scheme, take patents, and are no more 
heard of. Trevithick's working models, made known 
by his written description, show on what a different 
basis his schemes were built. Every detail is practically 
described, as though it was a history of a thing of the 
past rather than of a thing to come. 

After a lapse of sixty years the greater portion of 
those schemes have become valuable realities; a paper 
of the day,* on the great increase of iron steamships, 
states that '* about 11,000,000/. worth of shipping is 
now in course of building ; " and this marked branch 
of national prosperity took its rise from the designs 
that we have traced in their original working form in 
1809 ; the sliding tubular masts and yards remain to 
be made practicable. 

» * 'HiG Western Morning News/ October 26th, 1871. 
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CHAPTER XV. 

PROPELUNa VESSELS BY STEAM. 

A LETTER, in 1803/ speaking of his high-pressure en- 
gine, with 45 lbs. of steam to the inch, says, " I was 
sent for to explain the engine at the Admiralty Office. 
They sent to inspect, and say they are about to erect 
several for their purposes, and that no other shall be 
used in the Government service." Again, in 1804,* 
"An engine is ordered for the West India Docks, to 
travel itself from ship to ship." "An engineer from 
Woolwich was ordered down, and one from the Ad- 
miralty Office, to inspect." 

With this intimate knowledge of Trevithick's schemes, 
and the use of his engines by the Admiralty, it is the 
more strange that such events are ignored, or but 
slightly referred to in the history of early steamboats, 
for in the latter part of 1804 several gentlemen had 
consulted him on the feasibility of destroying the French 
fleet by the use of high-pressure steam fire-ships. 

" Mr. Giddy, " Coalubookdale, October Bth, 1804. 

" Sir, — Several gentlemen of late have called on me to 
know if these engines would not be good things to go into 
Boulogne to destroy the fleet, &r., in that harbour by fire-ships. 
They told me that a gentleman from Bath was then in London 
trying experiments under Goveniment for that purpose, but 
whether by engine or by what plan I do not know. 



> S«» Trevithirk'ii letter, May 2na. 1803, chap. ix. 
' See letter, Feb. 22na, 1S04, chap. ix. 
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"A gentleman was sent to speak to me yesterday on the 
business, from a marquis ; the name I am not at liberty to give 
you. I put him off without any encouragement, because I 
would much rather trust to your opinion in bringing this 
business forward than any other man. 

" I have two 10-ineh cylinders here completely ready ; they 
are exceedingly well executed. I will not part with them until 
I hear further from you. If you think you could get Govern- 
ment to put it into execution, I would readily go with the 
engines and risk the enterprise. I think it is possible to make 
these engines drive ships into the middle of the fleet, and then 
for them to blow up. 

" However, I shall leave all this business to your judgment, 
but if you give me encouragement respecting the j)Ossibility of 
carrying it into force, I am ready to send off these two engines 
on speculation. 

" I believe if you do not bring this business forward, some 
other person will, and it would not please me to see another 
person take this scheme out of our hands. 

" Be silent about it at home, for I should not like my family 
to know that I was engaged in such an undertaking. 

"I would thank you for your sentiments on this business 
soon, as these two engines will be left unsold until I receive 
your answer. 

" There are orders for several engines since I last wrote to 

you. 

" I am, Sir, 

" Your very humble servant, 

" Richard Trevithick." 

" Tbentham Hall, near Newcastle, 

" Mr. Giddy, " Octtjbcr 20M, 1804. 

" Sir,— I received your last letter, and am really much 
obliged to you for your goodness in offering to give me your 
assistance in promoting my schemes. I am ordered by the 
Marquis of Stafford to leave this place for London on Monday 
morning to meet Lord Melville and ]\[r. Pitt. It is likely they 
may wish to be satisfied respecting the possibility of the plan I 
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shall lay before them. I shall refer them to you for your 
opiuion and calculations. I will write to you when I have seen 
these gents, stating every particular. There are many things 
I wish to communicate to you, for I cannot satisfy myself from 
my own figures. I hope you will be called on in the House in 
the course of next montL I expect to be in town at that time. 
If I am ordered to proceed with this plan for Government, 
there will be several things that I shall not be able to get 
through without your assistance. I must beg your pardon for 
80 often troubling you for these things, for I am not master of 
myself, but hope you will have the pleasure of seeing these 
plans carried into execution. 

" I am. Sir, 

'* Your very humble servant, 

** KiGHARD TrEVITHICK." 

« 

These traces of proposals to propel vessels by his 
high-pressure steam-engines, in 1804, to dastroy the 
French fleet in Boulogne Harbour, show him as the 
pioneer of marine engineers. A messenger from a 
marquis — ** a profound secret " — caused a few minutes* 
cautious reflection, and a wish to consult his friend, 
followed by, — "If you think you could get Govern- 
ment to put it into execution, I would readily go with 
the engines and risk the enterprise." He thought it 
possible with those engines to drive ships into the 
mi<ldle of the fleet, and was preparetl, without a mo- 
ment's delay, to place two of them in a vessel, and by 
them propel her to France. 

Within a fortnight he was at Trentham Hall, plot- 
ting with the Marquis of Stafl'ord, who sent him to 
lA»n<lon to see Lord Melville and Mr. Pitt. He gave 
more than usual thought to this compound question of 
propelling a vessel by steam, steering it without a 
helmsman, and exploding it at the required moment; 

V 2 
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for he admits, ** I am not master of myself.'^ Probably 
this was the only time in his life that he doubted his 
ability to make his high-pressure steam-engine do 
everything. 

,, ^ " SoHO Foundry, Manchester, Jantuiry 10^, 1805. 

"Mr. Giddy, 

** Sir, — I have answered Mr. Gundry's letter. Their 
engine will cost about 170Z., and will draw one hundred kibbals 
with about three bushels of coal. 

" I fear that engine at Dolcoath will be a bad one. I never 
knew anything about its being built, until you wrote to me 
about Penlerthy Croft engine, when you mentioned it. 

"I then requested Captain A. Vivian to inform me the 
particulars about it, and I find that it will not be a good job. I 
wish it never was begun. I was sent from the Marquis of 
Stafford to Lord Melville. I was at the Admiralty Office, and 
was ordered to wait a few days, before they could say to me 
what they wanted. I called five or six days following, but 
never received a satisfactory answer, only to still wait longer. 
But I left them without knowing what they wanted of me, for 1 
was tired waiting, and was wanted much at Coalbrookdale at the 
time. When they send for me again, they shall say what they 
want before I will again obey the call. There was an engine, a 
10-inch cylinder, put into a barge to be carried to ]\[acclesfield, 
for a cotton factory, and I tried it to work on boaixl. We had 
a fly-wheel on each side of the barge, and a crank-shaft across 
the deck. The wheels had flat boards, 2 feet 2 inches long 
and 14 inches deep, six on each wheel, like an undershot 
water-wheel. The extremity of the wheels went about 15 miles 
per hour. The barge was between 60 and 70 tons burthen. It 
went in still water about 7 miles per hour. This was done to try 
what effect it would have. As wo had all the apparatus of old 
materia;l at the Dale, it cost little or nothing to put it together. 

" I think it would have been driven much faster with sweeps. 

** The engine that was made for the London Docks, for dis- 
charging the West Indiamen, is put to work in a manufactory. 
They would not permit fire within the walls of the dock ; 
there is an Act of Parliament to that effect. 
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'^ There is a small engine making in StafTordshire, for the 
London coal-ships to carry with them for unloading. 

'^ The boiler is 2 feet 6 inches diameter and 5 feet long, with 
the cylinder horizontal on the outside of the boiler. The 
cylinder 4 inches in diameter, 
18-inch stroke. I think it 
will be equal to six men. 

"The engine will always 
go one way. The man that 
stands at the hatchway will 
have a string to throw out a 
catch, which will let the barrel run back with the empty 
basket. 

" I shall go to Newcastle-on-Tyne in about four weeks, and 
most likely shall return to London. By that time the little 
engine will be sent to Loudon for the coal-ships. A great 
number of my engines are now working in different parts of the 
kingdom. There are three foundries here making them. 

" They finish them in very good style ; all the wrought ii-on 
is polished, and ornamented with brass facings. They are the 
handsomest engines I ever saw. I expect there are some of the 
travelling engines at work at Newcastle. As soon as I get 
there I will write to you. 

" This day I received a letter from Jane [his wife] ; sad 
lamentations on account of my absence. I am obliged to pro- 
mise to return immediately, but shall not be able to fulfil it at 
this moment. I should be wrong to quit this business, as there 
are now seventeen or eighteen foundries going on with those 
engines, and unless I am among them, the business will fall to 
the ground, and after such jiains as I have taken, I am sorry to 
quit it, until I get it established. I am sorry to hear that your 
sister is about to go to London to reside, for I fear that you 
will now spend but a small part of your time in Cornwall, and 
I shall be deprived of your good advice in future. 

** I am. Sir, 

'* Your very humble servant, 

*' Richard Trevithick.*' 
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This acdiiinr of a ^> or 70 pya barsn^. •Iriven bv a 
hig'h-pres^TiRr st^air^-pcrffier engine, having- a cirliiider 
10 inches in «iiameter. at a sp^el aboot seven mile^ an 
hoar, the S-jcit-t.-oari* ^:'iii:r at tfteen miles an hoar, 
proves th^t ha«i l»pi Melville spare»l five minutes out 
of that week to keep* his appiintment with Trevithict 
the tirift ^tearn tire-ship wooil have dated from 1S04: 
for within three m*>nths fr^m that time he ha«J driven 
a barge hi a .-pee»l of seven mile?* an hoar by an engrine 
that iiad been onstmctel for another purp«>5e, and was 
adapted to the steaml«oat on the spur of the moment by 
a crank^-haft aeroes the deck, haWng at each end a 
pa^ldle- wheel, with six paildle-loanls 14 inches deep by 
2 feet 2 inchcj^ long. 

Trevithick's steamboat was an oniinary canal barge, 
into which one of his steam-engines had been placed 
a« ffoods for eonvevance to Manchester from Coalbrook- 
dale, as mentioned in his note of the 5th of October, 
1804, and 10th Janiiarw 1S05. The fact came under 
the notice of the Prime Minister, and the makers of 
the erjgine were among the best-known manufacturers 
of the dav, vet no one has recorded that Trevi thick 
cr>n8triicted this first practical steamboats 

Naf>oleon 1. is said to have exclaimed, about 1804, 
when reviewing his army and ships at Boulogne, " The 
Englisli do not know what awaits them; if we are mas- 
ters of tlie Channel for a few hours, England has lived 
her time/' Na[K)leon certainly did not know of Trevi- 
thick's propose^l steam fire-ships, or of his courage in 
offering to guide them into the middle of his fleet. 

I/ord DedunHtanville had formed a troop of Cornish 
volnriteerH to drive Napoleon from the shores, and 
jirnon^ them was Trevithick, who, his wife said, a|> 
peared well pleased with his red coat. One night a 
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beat of drums in the Camborne streets startled the 
sleepers; Trevithick awoke his wife, and asked what 
all the noise could be about. " Oh ! I suppose the 
French must be come ; had you not better put on your 
red coat and go out?" "Well, but Jane," suggested 
the volunteer, "you go first and just look out at the 
window, to see what it is ! " 

" Mr. Giddy, " Blackwall, July 2Zrd, 180G. 

" Sir, — ^This day I set the engine to work on board the 
* Blazer ' gon-brig. 

" It does its work exceedingly well. We are yet in dock, and 
have lifted up mud only. I hope to be down at Barking shaft 
in a few days, at our proposed station, when I will write to 
you again. I think there is no doubt of success. 

'' A gentleman has ordered an engine for driving a ship. It 
is a 12^iuch cylinder. I am at a loss how to construct the 
apparatus for this purpose ; therefore am under the necessity of 
troubling you for your advice on the subject. 

"The plan I have is as under, unless you condemn it, or 
suggest a better plan. I propose to put a horizontal engine 
below the deck, and to put a wheel of 14 feet diameter in the 
hold. This wheel is to work in an iron case, air-tight ; the axle 
to work in a stuffing box, and a pump to force air into this case 
to keep down the water from flooding the wheel, so that only 
the floats on the extremity of the wheel shall be in the water^ 
and then only extend about 15 inches below the keel of the ship. 

** The cutter is about 100 tons burthen. 

'* I wish to know the size of the floats on the wheel, and the 
velocity you think they should be driven. 




'' I think the power of the engine is equal to 400,000, 1 foot 
high, iu a minute, from which you will be able to judge what 
size of floats, and whut velocity will be best. The air that is 
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farced mto the wi m ^ h l-gon case will alwmjs keep the vmler 
dowB in the eaM6 to tlie lerd of &e Inlioai of &e diip. A 
^Mice win be left on nek ade of the wiieel, » tiiat tlie mir will 
nerer be dispheed by the working of the wheeL 
*^ Tour answer to diis will Terr moch obUge 

"^ Your Terr hrnnble serfmnl, 

''RiCHAKD TrETITHICK. 

"^IHrect to me at the Globe Taron, KadLwall, near 

LandoD." 

In 1806 he had undertaken the still difficult task of 
placing a high-pressure puffer steam-engine of about 
12-horse power in a gentleman's sailing yacht of 100 
tons. Side wheels and paddle-boxes would destroy her 
appearance and sailing qualities. One centre paddle- 
wheel, enclosed in an iron case, was therefore to be 
fixed in the hold, the float-boards passing through an 
opening in the vessel's bottom. Water was prevented 
from rising in the case by a pressure of air forced into 
it by the engine, sufficient to depress it to near the level 
of the vessel's bottom, that the wheel might not be 
flooded. The paddle-shaft, where it passed through the 
two sides of the wheel-case, was made air-tight by 
stuffing-lxjxes. The bottom of the float-boards was 
15 inches Ixilow the keel of the ship, attached to a 
wheel 14 feet in diameter. The engine to drive it 
was a 12^-inch cylinder high-pressure puffer direct- 
action engine, of about 12-horse power, with cylin- 
drical tubular boiler ; the general outline of engine and 
boiler being very like the Newcastle locomotive of 1804. 

About that time, while producing changes and im- 
provements in marine propulsion, he became acquainted 
with Mr. Robert Dickinson, who had been a West India 
merchant, and they became partners in the following 
patent : — 
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PROPELI.ING VE88KL8, ETC. 

Trevithiek and DichinsorCs Speeifieation of 1808. 

" In a ship or vessel properly constructed for the purpose, and 
to which we give the name of a nautical labourer, we place a row- 
ing wheel shaped like an undershot water-wheel furnished with 
floats or pallets, but which we call our propelling boards, and of 
a size proportioned to the vessel ; the said rowing wheel is placed 
vertically in a box or casing fitted to receive it in such a manner 
that its axis shall be at right angles to the length way of the 
ship or vessel, while the edge of the propelling board that is 
lowest shall be even with the keel of the ship or vessel, or 
rather with the keels, for we prefer having two, and placed at 
such a distance from each other as just to allow the propelling 
boards of the rowing wheel to piiss freely between them. The 
foresaid box or casing which contains the rowing wheel is made 
air-tight, and is open only at the bottom, where the floats are 
intended to act in propelling the vessel, and the water is pre- 
vented from rising in the said box or casing by an air-pump 
forcing air into it, so as to keep the water always down at the 
level intended. The end or ends of the axle of the rowing 
wheel works or work in a collar or collars of leather or any 
other substance fitted to prevent air from passing out ; and the 
said wheel, as also the fore-mentioned air-pump, is worked by 
means of a cntnk, a wheel, or any other suitable contrivance at 
one or both ends of the axle, and connected with a steam- 
engine, which is the power we employ to move the rowing 
wheel, or, in other words, to give the required movement to the 
v*»ss«-*l. In the wheel itself there is no novelty. 

** The novelty of this part of our invention consists in work- 
ing the wheel in an air-vessel, and by means of the contained 
air keeping the 8urfac6 of the water at such a lower level than 
the general surrounding surface as may prevent the water from 
flooding the wheel. When we mean to employ such a vessel 
or ship and apparatus as the above for the purpose of towing 
other vessels, the propelling boanis of the rowing wheel and 
also the steam-engine must be larger in proix)rtion to the work 
intended to be performed ; the ves8<;ls are then fastened to 
each other by a towing rope or towing ropes, the headmost of 
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tfaem being made Oust to the rctwii^ TeaseL that being the 
name which we have adoptted for the above-deacribed ship or 
vessel and apparatus. When strong tides and currents <mpoee 
the prepress of the rowing yes&d ^icombeied with those she has 
in tow. we facilitate the bosines of towing in the following 
manner: — ^To the headmost or to all of the vessels in tow we 
attach a pair of long poles, or what baigemen call setts, for the 
purpose of being dropt into the wat€^ from time to time, as is 
now the practice in shoal sti>Bam water, to answer the purpose 
of an anchor. The ressels in tow being thos secuivd fiom 
gmng along with the stream, we then jntipel our rowing ressel 
forwaid alone, allowing the ^pe that is made hsi to the head- 
most of them to run off from a windlass placed near the stem of 
the rowing vessel, or in any other convenient situation* When 
we have run off all the rope to the end that is made fast to the 
windlass, we then secure the rowing vessel in her place by 
dropping a pair of setts or an anchor ; this being done, the 
vessels in tow take up their setts, the macliinery of the towing 
vessel is then disengaged from the rowing wheel, and thrown 
into gear to work the foresaid windlass bv the power of the 
st^«m-eiigine. By this means the rope i^ wound up on the 
windlass, and the vessels in tow are brought up to the rowing 
^^ggel, when the same method of proceeding is again repeated 
liU the vessels have passed the heavy part of the stream or 
^sonent, and are able to proceed without those interruptions. 
We need hardly arid that anchors may be emploved in place of 
ipetts, and tliat m deep water they must be used ;' but where the 
water is not Ux> deep to admit of it, the employing of setts in 
place of anchors is attended with less trouble and delay. What 
we liave stat^^l respecting the use of our rowing vessel and 
apparatus m towing vessels against a stream or current applies 
ako to the towing ships out of any harbour. If there are float- 
ing buoys outside the harbour we row our rowing vessel to one 
of thera letting off from the windlass in the manner before 
described the towing rope made fast to the ship that is to be 
towod out; having reached the buoy, or dropt another if there 
IS no buoy we then disengage the machinery from the rowing 
wheel, and put it into gear with the windlass, and work the 
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ship out of harbour by the power of the steam-engine. In 
many harbours this will be of immense advantage to the public, 
and particularly to ship-owners, for it not unfrequently happens 
that the wind is fair for the voyage, but foul for getting out of 
harbour. Here it may be proper to mention once for all, that 
in every case where we drop anchor, when it is to be taken up 
again we weigh it by throwing its windlass into gear to be 
worked with the steam-engine. The benefit to be derived by 
the public from our contrivance for towing vessels or ships 
would be increased if chains of proper strength moored at each 
end were laid in diflScult currents and mouths of harbours, to 
be used in the following manner, that is to say, by giving the 
said chain one turn round the end of the windlass connected 
with and worked by the steam-engine the vessel could be 
worked in either direction of the chain without making use of 
the rowing wheel, merely by the revolving of the windlass. The 
chain should have a buoy at each end for the purpose of being 
laid hold of. Nor are these all the uses to which we apply our 
contrivance. The apparatus or machinery which we employ to 
proj)el the vessel or vessels in the manner before described is 
so contrived that we can also employ it in loading or unloading 
not only the rowing vessel, but those she has towed, or any other 
that may want that assistance. Where a few articles only are 
to be taken on board or discharged from the rowing vessel, the 
common blocks and tackle may be worked by a rope attached to 
a windlass, and worked by the steam-engine. When more dis- 
])atch is wanted, as in discharging coals or grain from the row- 
ing vessel or from others, and such like work where economy of 
time and labour is an important consideration, we facilitate the 
business by working a barrel in place of a windlass. This 
barrel, worked by the steam-engine, is kept in constant motion, 
while the business of discharging is constantly going on. On 
this barrel is placed as many endless belts as may be required 
for the business in hand. These belts pass respectively over a 
pulley of two grooves centred in a lever, the lower end of 
which lever is on a hinge. To the upper end of the lever, 
which is the longest from the centre of the pulley, a rope is 
attached, which goes to the vessel then discharging, where it 
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of it die^eaikii t*> ji Buui ft^atii^^ ca fte^ <iE«!k as die ktttdiwmT of 
tlie «Lip diK&u;^iii^ TLi; n>ce k fer tiie {wrpoae cf ciabiiii^ 
the man, bf poCiiie it, to U^i^sen tbe eadk^s fceh br meaiis of 
tih& Vjtk^iA €«d of dke krtr. Fnjm tiik it is pliiii that tlie 
poOeT will then reeeire mfAkm. feim the reT^^iing faftnel, and 
eoDtiBr^ in modrjfi sr> \oo^ as the man polls the rope t^fat. 
Bj thi:^ mocirjQ another rope, which ve call the diarhargii^ 
rope, made bet to the other grooTe of the paUej, that is, to the 
one not oecii[»ed hj the before-mentioned endless belt, k wound 
np on the said groore. The dis<^iarging rope now menticMied 
is the one th^t brings op the backet, sack, kisket, or other 
article from the hold of the rea^l that is discharging, no more 
being neceagarr for this porpoee bat to carry the rope fir^ 
throng a block in the rigging of the Teasel containing the 
working apparatus, and then tbroi^ another in the rigging of 
the ra^sel that is discharging, and making that end fast by a 
hook or otherwise to the bucket, sack, basket, ot other article 
that is to be raised ; while the man who holds the other rope 
ke^^ps it tight, as before mentioned, the discharging rope keeps 
winding op on the fore-mentioned pulley; when the backet, 
gack, basket, or other article has been raised to the height 
required, the man who holds the tightening rope slacks his 
hold, and the endless belt is thereby freed from action, so that 
it ceases to be carried round by the barrel before mentioned. 
Xhe bucket, basket, or other article being emptied, is let go to 
descend again into the hold, and the endless belt being now 
slack, the weight of the descending bucket, basket, or other 
article makes the double-grooved pulley revolve the contrary 
way to what it did when winding on, so that the rope is un- 
wound from the pulley, and remains so until the man who holds 
the tightening rope again applies a force suflScient to make the 
barrel give motion again to the double-grooved pulley by means 
of the endless belt, as before described. Instead of the barrel 
and endless belt before described being used for the above pur- 
|)o8o, other common mechanical means may be employed to 
throw the pulley, to which is attached the discharging rope, in 
and out of gear, so as to wind or unwind the discharging rope. 
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*' We have before mentioned several endless belts, though in 
our description we have confined ourselves to one ; the other 
belts are for the purpose of working any required number of 
discharging ropes on board one or more vessels, for several 
vessels properly arranged may all be discharging at the same 
time ; but all these discharging ropes being worked in the same 
manner by the same barrel, and by the same moving power, 
the description already given of one applies to any number, 
each having its own proper double-grooved pulley and lever. 

" We must here add that we do not mean, by the description 
which we have given of the barrel and double-grooved pulley, 
and the method of working them, to claim such contrivances as 
new inventions, or be understood as meaning to confine ourselves 
to the use of these means exclusively, for any of the common 
mechanical means that are now employed to communicate or 
suspend motions at pleasure to apparatus connected with any 
maintaining power may be used to produce the effect. The 
novelty of our invention is simply this : employing such a vessel 
as we have described, furnished with a steam-engine as a moving 
power, and with proper apparatus to enable us to employ the 
said vessel and its contents as a labourer to assist in towing of 
vessels in the manner before described, and in loading and un- 
loading them, in place of using the methods hitherto in use. 
Where towing of vessels and discharging of vessels may not 
both be wanted, the apparatus may be relieved of part of its 
load, and of part of the expense of construction, that is to say, 
where only towing may be wanted the machinery need not be 
loaded with those parts which apply to the discharging of 
vessels ; and, on the other hand, where towing is not wanted, 
but only discharging and unloading, the parts that apply to 
towing may be dispensed with. 

" In witness whereof, we, the said Richard Trevithick and 
Ilobert Dickinson, have hereunto set our hands and 
seals, this Twelfth day of July, in the year of our Lord 
One thousand eight hundred and eight. 

"Richard Trevithick. (l.8.) 
" RoBT. Dickinson. (us.) " 
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The nautical labourer was to tow vessels up rivers 
or in smooth water. If the current was too strong the 
vessels towed were to be moored or anchored, while it 
steamed ahead a convenient distance, and dropping 
anchor, disconnected the paddle-wheel, connect^ the 
steam-windlass, and warped the vessels at a slower speed. 
A permanent chain might be laid to avoid the trouble of 
anchoring, passing it around the windlass of the towing 
boat, as is now done in steam-ferries crossings rivers. 
The labourer, when made fast alongside a vessel to be 
discharged, raised the cargo bv the steam -windlass. 

** When a few ai-ticles only are to Le taken on board, or dis- 
charged from the rowing vessel, common blocks and tackle may 
be worked by a rope attached to a windlass, set in motion by 
the steam-engine. When more dispatch is wanted, as in the 
discharging of coal or grain from the rowing vessel, or from 
others, and such like work, wliere economy of time and labour is 
an important consideration, we far-ilitate the business by working 
a barrel in place of a windliii>s. On this revolving barrel are 
placed as many endless belts as may be required for the 
business in hand. These belts pass respectively over pulleys 
with two grooves, centred in a lover, the lower end of which 
lever is on a hinge." 

The movement of the lever took the slack out of the 
endless l>elt, causing the pulley to revolve ; a rope from 
the other groove of the pulley went to the vessel's hold 
and raised the load until the endless l)elt was again 
loosened. 

The engine used was Trevithick's high-pressure port- 
able pufier.* Several ex|>eriments were made in the 
Thames, with every pros|)ect of an immediate and ex- 
tensive use of the nautical labourer, when the Society of 
Coal Whippers protested against the encouragement of 

' St'C Trevitliick's letter, .laiiuary lt\ ISO."), chap. xv. 
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such a rival, declined to work with it, and threatened to 
drown its inventor. Trevithick was guarded by police- 
men, two of them keeping watch at his house ; but he 
succeeded in proving that his idea was economical and 
practical, though it was impossible to stem the strong 
current of prejudices of the daily labourer, and the 
nautical labourer retired from the contest. 

A curious old drawing of Trevithick's without date 
or name, probably belonging to the time of the patent 
(1808), or the fire-ship of 1804, judging from the rude 
simplicity of the engine and the oval tube of the boiler, 
similar to the first high-pressure model, shows a vessel, 
even including the decks, of iron, to be propelled 
by sails or steam. Her form was like a deep saucer, 
with portions of her sides cut away to make room for 
a paddle-wheel on each side. At the deep water-line 
she was 43 feet wide by 58 feet long; stem and stern 
pieces, each 5 feet long, extended from deep water-line 
to the bottom of the keel, containing sliding keels of 
iron, each about 5 feet wide, and when down reaching 
G or 7 feet below the bottom of the vessel, acting as lee- 
lx)ards and also as lever ballast when the ship was light. 
She was sea-going, but suitable for trading to shallow 
harbours, drawing 3 feet 3 inches without cargo, and 
f) feet f) inches when loaded with 150 tons. One strong 
mast indicates a large spread of canvas. The steam- 
boilers wxTe curved to the shape of the hold, the funnel 
aft of the stern, the paddle-wheels 25 feet C} inches 
in diameter, float-boards 3 feet G inches wide; two 
st(»am-cylinders 3 feet G inches in diameter, 8-feet stroke, 
with open tops and guide-wheel pistons, allowing the 
paddle-shaft to be kept very low, and doing away with 
parallel motion or guide-rods ; the cranks were at right 
angles to each other. The whole of the bottom of the 
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ship's bottom, and the lower deck to cool the water ; " 
I, small air-pump and condenser ; j, iron tubular mast ; 
A, sliding iron keels ; /, iron gunwale ; m, iron deck ; 
n, iron middle deck ; o, iron bottom deck ; j9, iron bot- 
tom of vessel; y, rudder; r, light water-line; 5, deep 
water-line; t^ supports and shelter for paddle-wheels. 
The design combines the earliest Newcomen steam- 
engine with that of Watt, also of Trevithick's high- 
pressure steam direct - action engine of the present 
day, extending over one hundred and fifty years of 
steam-engine experience. The open-topped cylinders 
have the simplicity of Newcomen's first engine; but 
Newcomen dreamt not of the guide-wheel piston, and 
upward thrust of a rigid piston-rod moved by expan- 
sive steam, propelling a crank ; neither was it the 
vacuum engine of Watt, for it used no injection-water, 
the vacuum being produced by surface condensation, as 
in Hall's condenser. The chief power of the engine 
was from high-pressure expansive steam during the up- 
stroke of the pistons: the ideas are traceable in his 
letters of 1812.* "The cold sides of the condenser are 
sufficient to work an engine a great many strokes with- 
out injection-water." " If this engine is worked with 
steam of 25 lbs. to the inch above the atmosphere, cut- 
ting it off at one-twentieth part of the ascending stroke 
of the piston, the power will be as three to two of 
Boulton and Watt's single engine." **The length of 
the piston, and the small variation that the beam will 
give it, is so trifling that it will not be felt." The 
open-topped cylinder, with a deep piston in lieu of the 
guide-wheel, the expansive steam, and surface conden- 
sation, are evidenced in letters of about that period. 



' Trevi thick's letter, PwciiiIkt 7, IHl'J, <1ihi». wii. 
VOL. I. Z 



338 PBC»PELLIXG VESSELS BY STEAIL 

The iron vessel in form and in detail of construction 
is as remarkable as the engrine; its gro^^h may be 
traced from the patents of 1S08 and 1809 for iron ships 
with iron mast and yards and self-reefing sails.' 

The shallow •draught of the vessel and its sliding 
keels are principles still relied on by American yachts- 
men ; and making the cellular bottom of the vessel a 
condenser is the original idea in its most simple form of 
modem snrface-condensers. 

Certainly this drawing, explained by Trevithick's 
letters, patents, and working engines constructed sixty 
years ago, combine and fully illustrate, under the most 
simple forms, all the leading principles of the ma^i- 
ficent ships of the present day, with their iron sides, 
iron masts, small but powerful direct-action engines, 
with high-pressure expansive steam and surface con- 
densation. 

Everyone thought highly of his inventions, but no 
one enabled him to bring them into immediate profitable 
use : such being the inevitable result of going too much 
in advance of the time. Ten vears of incessant labour 
since his first experiments with high-pressure portable 
steam-engines, to bring them within the range of every- 
day use, had left him a lone man, bereft of liberty and 
broken down in health and strength. 

Steel's letter of the 20tli April," 1810, was addreaBed 
to Trevithick in Cornwall, where he had gone to raise 
money by mortgage or sale of mine shares or pro- 
perty, to pay the cost of showing his inventions to the 
public. 

On his return to London, everything belonging to 
him was seized for debt, and he was obliged to retire 

' I*at<'iit <»!' IHoli, ami description of ir<»u ship, chap. xiv. 
' S«» cliap. xii. 
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to a sponging-house in a street of refuge for debtors, a 
halfway house between freedom and imprisonment. 

All this was too much for the strongest man. Typhus 
and gastric fever during many weeks reduced him to 
a state of physical helplessness, followed by the loss 
of intellect, and brain fever, and the patient, before so 
weak, required the care and strength of keepers. 

In this emergency Dickinson brought his medical 
man to assist; Dr. Walford, known to the family, dis- 
agreed with the new comer. A third medical man 
was called in. Anonymous letters were sent to Mrs. 
Trevithick on the probable result of the injurious 
medical treatment. 

In an emergency, when it seemed a question of life 
or death with her husband, Mrs. Trevithick, scarce 
knowing what she did, sought through the streets of 
London for a medical man, A gentleman observing 
her need of help, asked what was the matter, begged 
her to at once return to her house, and promised to seek 
and send a doctor. Misfortune had reached the turn- 
ing point. A kind letter from her brother advised 
Trevithick's return to Cornwall, and in the early part 
of September, 1810, being still too weak to move hand 
or foot, he was carried on board a small trading vessel, 
called the ' Falmouth Packet,' his eldest boy, about ten 
years old, keeping him company. 

It was war time, and the * Falmouth Packet ' with 
other vessels sailed from the Downs, under convoy of a 
gun-brig. After three days tliey anchored off Dover. 
'IVevithick went on shore and enjoyed the first short 
walk since the commencement of his illness, four or five 
months before. On getting under way again they were 
chased by a French ship of war. The ' Falmouth 
Packet ' knew how to sail and when to hug the shore, 

z 2 
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eo she showed her heels to the enemy; and in six days 
after leaving London landed him at Falmouth, about 
sixteen miles from his Cornish residence at Peoponds. 
Taking his hoy hy the hand, they walked to his home, 
from whence two months before, when too ill to be 
informed of his loss, his mother had been carried to her 
grave from the house of his childhood. 




"My dear Jane, "Haylb Fousdut, Irf June, isio, 

"Our hfaring by every other post from Mr. Blewett, of 
'IVevithick'a rapid recovery, and also by Dr. Kosewame last 
Saturday, that the fever had quite left him, gave us great satis- 
factioD ; but we ore much concerned for your sitostion. 

"In your letter of the 25th ult. you seemed to be much 
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alarmed from Trevithick's weakness, but I think you cannot 
expect otherwise than that he will be very weak for some time, 
after so dreadful an attack. Do not be alarmed, I hope he will 
do very well ; you must not say anything to him about his 
business, that is likely to hurry his mind, until he gets better. 
If Mr. Dickinson receives money, he must be accountable for 
it. I beg that you will not hesitate asking Mr. Blewett for 
what you want. It gives us great happiness to hear that you 
enjoy health in this great trial. If you think it necessary and 
you wish it, I will come to you, but I sincerely hope that your 
next will bring a more favourable account ; I know 3Ir. 
Blewett will be very happy to do anything for you in his 
power, and I wish you would ask his advice in any business 
that you think is not proper for Trevithick to be told of until 
he gets better, 

'* I hope you find Mr. Steel honest : in that case it is not in 
Mr. Dickinson's {wwer to cheat you. 

*' Do let me know how Trevithick's affairs stand, and what 

his prospects are. If he is not likely to do well where you are, 

do you think he would consent to return to Cornwall — if not 

to settle, for a little while ? His native air might be a means 

of getting him about. Both my sisters join with me in love to 

you and family. 

" I am, dear Jane, 

" Yours very sincerely, 

"H. Harvey." 

An official document of relceipt and expenditure for 
the five years prior to his bankruptcy shows a loss of 
more than 4000/. by his labours ; and that he had sold 
or mortgaged his property and borrowed from his 
friends. 

Mrs. Trevithick, when in London, in 1808 to 
1810, saw an iron steamboat of her husband's at Mr. 
BlewettH yard. People said that an iron boat could 
not float. Trevithick made a trip down the river 
from London Bridge in the iron steamer, and towed 
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after him one of his iron tanks to show that they also 
would float 

Dickinson's* letter in the early part of 1810 states 
that Penn had three steamboat engines then in hand ; 
one of them with a caboose, or the nautical arm engine, 
and one of them a towing machine to take the place of 
towing machines that required repair. 

On his return to Cornwall, he devoted his time to 
high-pressure expansive engines, and to preparing- for 
South America ; still turning over in his mind the pro- 
pelling ships by steam. Mr. Xewton, who rode on the 
first Camborne locomotive, thus writes : — 

** 5Iy dear Sir, '* C'amborxe, 2Sth February^ 1870. 

"In reply to yours of the 25th, I recollect hearing 
Captain Trevithick, in conversation with the late Captain 
Andrew Vivian, above sixty years ago, say that he could con- 
stnict a boat, to be propelled by the application of steam. 

" His idea was a boat having two keels, between which two 
rods might be attached, with propellers to each, similar to 
duck's feet, one moving forwards, whilst the other moved back- 
wards, and so tnce versa. Another idea of his was (being then 
war time) the application of thick, iron sides, to our men-of-war 
ships, to repel the shots from the enemy ; these were ideas 
then floating in Trevithick's brain. It was at a mine meeting 
(North Bininer Do^ms). How plainly do these ideas appear as 
the embrj'o of what has taken place since ; namely, the steam- 
and the iron-clad war ships. 

" I am, dear Sir, yours respectfully, 

"L. Newton." 

Mr. Newton, who aspired to be a pupil of Trevi- 
thick's nearly seventy years ago on the working of the 
first locomotive, still lives to bear witness of the great 

* Sec Dickinson's letter, chap. xiii. 
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engineer's designs for steam navigation, and the keep- 
ing, out an enemy's cannon balls by iron-plated ships of 
war. 

" Camborne, 26th March, 1812. 

** Sir Charles Hawkins, Bart., 

** Sir, — Enclosed I send you a letter for Sir John Sinclair, 
without a seal, for your inspection, and if you approve of it 
j)leaso to put a wafer and forward it; if not, please to leave it 
rest, and send me your remarks, that I may alter it I have not 
gone so fully into the business as I might have done, in expecta- 
tion of Sir John Sinclair's writing to me again, with particulars, 
the size engine lie may want, and for what purpose. If I had 
money I would immediately construct an engine in a ship, at 
my own expense, much rather than be assisted by any person, 
but the misfortune I lately met with, left me without a shilling ; 
therefore I am obliged to attend to other business for a main- 
tenance for my family, instead of attending to purposes of 
twenty times the value. 

*' I think you have heard Mr. Giddy give his opinion on the 
value of my new plan for driving ships, and I am really sorry 
to part with it so cheap to strangers ; but not having it in my 
power to carry it into execution, must submit. You see what 
a trifling sum will accomplish the experiment, and the value of 
it I believe is beyond calculation ; besides the great utility to 
the public. I very much wish you would try the experiment* 
and tuke the advantages andhe merit to yourself, instead of 
its going to strangers. 

" It might be done at Hayle Foundry, on one of their boats ; 
the expense will not exceed 1007. If you wish, you can again 
consult Mr. Giddy on the plan, before I engage with any other. 
As you have land near the mine at Gwythian, I beg to inform 
you that I have begun the erection of a steam-engine in Wheal 
Prosper ^line. I was employed a few days at St. Ives, by the 
subscribers to the breakwater. I would be very much obliged 
to you to say if I must call on Mr. Hulse for payment. 

" Your obedient servant, 

"Richard Tkevithick." 
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" Camborne, Cornwall, 26th March^ 1812. 

" To Sir John Sinclair, 

" Sir, — I received from Sir Charles Hawkins a copy of 
Dr. Logan's letter to you, also a note from you to Sir Charles 
Hawkins, both respecting the driving boats by steam. This is a 
subject to which I have given a great deal of thought, as being 
a thing of immense magnitude and value, if it could be made to 
be of general utility. 

" So far as ideas and the outlines of theory will warrant 
success, I have no doubt of making it fully answer the pur- 
pose on all sorts of vessels, and in the open sea ; but this 
cannot be done by any plan that has yet been practised. 

"I have been very fully informed respecting the plans and 
performance of the American steamboats, by practical men 
and others who have sailed on board them ; therefore I think 
there can be no doubt of their performance in rivers ; and am 
surprised that English engineers have not adopted it long since 
without waiting to be shown the way by Americans. 

** The construction of steam-engines hitherto has made them 
very unfit for ships' purposes, on account of their immense 
weight, bulk, and complications. 

" Also the method of applying the power by wheels over the 
ship's sides, would make them very unwieldy in gales of wind. 

"The engine that I have lately invented is not one-tenth 
part of the weight in bulk of other engines of the same power; 
and so simple that they are managed by any common 
labourer. 

" They are working with the cylinder perpendicular, others 
horizontal, and others diagonal, as circumstances require, and 
the fire, with all the apparatus, is enclosed within a wrought- 
iron boiler, so that no part could be injured from the rolling of 
the ship. Also the apparatus that I would use for propelling 
the ship should be fixed with the engine in her hold, so that no 
part of the machine should be exposed to injury from a K'Pavy 
sea. Giving motion to a ship in the way that I propose is 
quite a new idea, and has never as yet been practised for any 
purpose whatever. When first I hit on this idea I communi- 
cated it to Sir. D. Giddy, whose theory on every occasion I have 
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relied on, and found by practice to be correct. His opinion was 
with mine, that it was a thing of vast importance. I am so far 
convinced of its success, that if you wish to make an experiment 
I will lend you an engine for the purpose gratis, and also give 
my own time and invention ; therefore the loss cannot be more 
than on the apparatus for propelling, which I will engage shall 
not exceed lOOZ., which sum will prove it on a scale sufficient 
for the experiment both on my plan and that now in use in 
America. 

*' I have often observed horses employed to draw ships 
through the canal across the Isle of Dogs, from Limehouse to 
Elackwall, and found that three horses took two ships in tow, 
of three or four hundred tons burthen each, and drew them 
at two miles per hour. 

** A 30-hor8e engine on ray plan will not exceed 8 tons in 
weight, IG feet long, 6 feet high, and 6 feet wide ; very little 
more room than six hogsheads of sugar. I think less than half 
this power would be sufficient for driving a ship, pumping, 
loading, discharging, and cooking by steam. 

" The steam from the salt water would be fresh for the 
ship's use, instead of burdening the ship on long voyages with, 
say six months* fresh water, weighing four times the weight of 
the engine and aj)paratus. One of the American steamboats 
is 1(50 feet long (a length equal to a 74-gun ship). The 
engine is called a 2 t-horse power ; the boiler is from 8 to 10 
feet long ; from this I judge the engine cannot be above half 
the power stated. 

*' The whf^els are on each side, similar to those of water- 
mills, and under cover ; her accommodation is fifty-two berths, 
besides sofas. 

** There is one other steamboat of 85 feet long. 

*' l{esi)ecting the engine for thrashing, chaff cutting, sawing, 
&c., I am now making one of about two-thirds the size of Sir 
Charles Hawkins's, which will be portable on wheels, and may 
be remove<l from farm to farm as easily as a one-horse cart. 
By placing the engine in the farmyard, and passing the rope 
from the fly-wheel through the bam door or window, and 
around the drum on the machine axle, it may be drivep. 
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^* llie steam may be raised, and the engine moved a distanee 
of two mileSy and the thrashing machine at work within one 
honr. 

•^ The weight, ii.clading engine, carriage, and wheels, wiU not 
exceed 15 cwt. ; about the weight of an empty one-horse cart. 

** The size is 3 feet diameter, and 6 feet high. If yoa wish 
to have one of this size sent to the Board of Agricultare as a 
specimen, the price, delivered in London, will be sixty guineas. 
If you require further information, pleaise write to me again, 
and I will foroish you with dra\rings, or models, or steam- 
engines of any size or for any purpose. 

"N.B. — I have a portable engine nearly finished which will 
weigh ab^jut oO cwt. The power is equal to 6 horses, or 24 
horses every 24 hours. Price, delivered in London, 150/. 

" I remain. Sir, 

*' Your most obedient servant, 

"Richard Trevithick." 

In March, 1812, the screw-propeller and plan for 
driving it were settled things in Trevithick 's mind. 
He had seen that engines more powerful than the 
nautical steam-labourer of 1808, and steam-ami of 
1809, were required for sea-going work, and his trials 
with paddle-wheels had shown that something more 
compact, and less in the way of wind and waves, should 
be devised before ocean-going steamers carrying canvas 
would be successful ; for ** applying the power hy wheels 
over the ship's sides makes them very unwieldy in 
gales of wind. My apparatus for propelling the ship 
should be fixed with the engine in her hold, so that no 
part should be exposed to injury from a heavy sea. 
Steam-engines hitherto are unfit for ships' purposes, on 
account of their immense weight, bulk, and complica- 
tions. My newly-invented engine is not one-tenth of 
their weight, a 30-horse engine complete being only 
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8 tons." The wisdom of those words is proved by tlieir 
being still applicable after fifty years of rapid advance- 
ment. 

The screw-propeller was offered by Trevithick to the 
Navy Board in 1812, with a proposal to t«st its supe- 
riority to paddle-wheels by trying both of them in the 
same boat, worked by the same engine, the apparatus 
to be fixed, so that no part be exposed to injury from a 
heavy sea : in other words, the screw was to be placed 
near the stem of the vessel, and to be under the surface 
of the water. 

Sir John Sinclair having forwarded the proposal to 
the Navy Board, hoped that they would order a trial of 
the screw, and defray the cost; and on this account 
Trevithick postponed his application to Mr. Praed to 
test it on his canal boats. After waiting two or three 
mouths, he wrote to his friend Sir Charles Hawkins:* — 

" Sir John Sinclair has taken a useless journey by calling on 
the Navy Board ; for nothing experimental will ever be tried or 
carried into effect, except by individuals." 

Acting on these views, he proposed, at his own ex- 
pense, to place a 6-horse-power high-pressure steam- 
pufter engine, weighing 30 cwt., andcosting but 150/., 
in a barge, that the public might see the superiority of 
the screw-propeller and high-pressure engine over the 
paddle-wheel and low-pressure vacuum engine. 

" i)KAU SlU, " Aprif 7th, 1812. 

"I received your letter, enclosing one to Sir John 
Sinclair, which I forwarded. I wrote him that if he recom- 
mended your engines for propelling vessels, and made known 
your steam-engines to agriculturalists, I had no doubt but 
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they would be universally adopted. You may write Mr. Praed 
offering your engines on his canal for moving barges — you may 
say you take the liberty to write him through me — and offer 
him your engines for moving barges on canals by the means of 
steam. Give the cost and expense of the engines and barges 
worked by coals instead of horses, and refer yourself to me for 
the advantage of a steam-engine for thrashing corn. There can 
be no harm in your writing Mr. Praed, who is the chief manager 
of the Grand Junction Canal, and certainly has it in his power 
to adopt your plans. I think myself pledged to carry into 
effect, at least to do everything that (!an be expected of me, to 
effect the small breakwater at St. Ives. It appears to me that 
if the small breakwater was laid down from No. 3^ by the 
inner bamber loose to either No. 8, or about No. 9 . . . . that 
it would effectually secure a great number of shipping afloat. 
That even to No. 9 would not cost much above 20,0OOZ. .... 
within the breakwater the tide would wash out the sand 

If the breakwater was to be laid down as placed in the map 

»» 1 
.... 

It does not appear that Mr. Praed encouraged the 
screw-propeller in canal barges, though Trevithick 
offered to defray the cost of the experiment;^ and the 
idea remained in abeyance until 1815, when he con- 
structed a rotary engine at Bridgenorth, hoping to 
make it and the screw-propeller a suitable combination 
for marine propulsion. 

" I have drawn the cylinder 9 feet in diameter, in which the 
screw is to work. The screw is 8 feet 10. inches in diameter, and 
has two turns in 4 feet long. Of course it will gain 2 feet 
forward to each turn. The steam-arms revolve the same as the 
screw, being on the same first motion, at a rate of about 350 
feet per second at the end of the arm, will give the screw about 
ten miles forward per hour. I have not worked the engine to 

' Trevithick (in his copy of this end of the letter gave it up as im- 

letter) probably could not decipher possible. 

the writing of Sir Charles Hawkins, * Trevithick's letter, June 13, 1812, 

niarked by omissions, and toward the chap, xviii. 
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any advantage since I wrote you last, because before I worked 
with very hfgh steam I wished to force the boiler with cold 
water, which I did with 300 lbs. to the inch, which it stood 
exceedingly well."^ 

This description of an upright boiler, for the rotary 
engine for driving the screw-propeller, was referred to 
in a letter a week before,' and was also followed in four 
days by another letter, describing a tubular boiler, in- 
tended also for a steamboat : — " The boilers making for 
this towing engine are all tubes of 3 feet in diameter, 
iive-eighths of an inch thick (with circular ends), of 
wrought iron. There are three horizontal tubes, and 
to each of the horizontal tubes three upright tubes are 
suspended."^ 

On the 6th June, 1815, a patent was taken for various 
improvements : — 

" The fifth part consists of a mode of propelling, drawing, or 
causing ships, boats, and other vessels, to pass through the 
water, which piiqwse I effect by constructing a worm or screw, 
or a number of leaves, placed obliquely round an axis. The 
obliquity of the thread of the worm, screw, or leaves, admits of 
considerable variety, according to the degree of velocity given 
to it, and speed required, and according to the power with 
which it is driven. It may be made to revolve in the water at 
the head of the ship, or at the stem, or one or more worms 
may revolve on each side of the vessel, as may most con- 
veniently suit tlie peculiar navigation on which the ship, boat, 
or vessel is to bo employed. 

" In order to make the boiler of a high-pressure steam-engine 
of very light materials, for portable purposes, and at the same 
time strong for resisting the pressure, as well as for exposing 
a large surface to the iire, 1 do construct the said boiler of a 
number of small perpendicular tubes, each tube closed at the 

» S*»e Mt4»r. I2th May, ISlf), chap, xvi., pp. 3f>8, SfMi. 
" Sw IhUt, 7th May, IHin, chap, xvi., p. 304. 
' Sf»f» lettrr, 16th May, lPir>, rhap. xvi., p. 370. 
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bottom, but all opening at the top into a common reservoir, 
from whence they receive their water, and into whicli the steam 
of all tlie tubes is united." ^ 

This tubular boiler, patented with the screw-propeller 
more than fifty years ago, is like a boiler now being 
tried in 1871 as a new thing. " The first of a series of 
official trials of one of the Cochrane boilers^ and one of 
the common boilers of the ' Audacious,' 14, double-screw 
iron sln'p, was commenced on Wednesday. The Coch- 
rane boiler has the water contained in vertical tubes, 
which the fire surrounds, whereas in the common boiler 
the water surrounds the tubes through which the fire 
passes." 

During twelve years he had at various times shown 
the practicability of steam propulsion; in 1804 with a 
soven-miles-an-hour steamer; in 1806 the single paddle 
Htoam-yacht. In 1808 the patent for universal steam 
on board ships. In 1812 the proposing to the Admir- 
alty the use of the screw-propeller. In May, 1815, a 
screw 8 feet 10 inches in diameter had been made, 
and in June, 1815, a patent for the screw was applied 
for; and when on the verge of success, he, in 1816, 
sailed away to the mountains of an unknown land. 

" Dear Trevithick, " East Bourn, July ISth, 1815. 

" I really do not know what to say respecting the en- 
gines, beyond what we have frequently discussed in conversation 
about it. Your figures I believe are right You have very much 
surprised me by stating that one of Mr. Woolf s is stopped. If 
the accounts of his engine at Caenver are correct, it does the 
most duty of either one now working in Cornwall. But what 
is very curious, his winding engine at Great Wheal Fortune is 
among the very worst of that sort. I hope that your experi- 

* Sw latent, 6th June, 1815, chap. xvi. 
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mont with the recoil engine for moving boats is in progress. 
Nothing occurs to me respecting them, except that there is not 
any theoretical limit to the most advantageous velocity for the 
propelling screw. If you are disposed to try various sizes of 
these screws, moving with different velocities, you must recollect 
that the propelling zone, with the new screw, increases as the 
squares of the number of revolutions in a given time ; and that 
supposing the velocities of rotation (that is, the number of revo- 
lutions in a given time) to be the same in different screws, the 
propelling zone will vary as the 4th power, or as the square 
squared, of the diameter; or thus, suppose D = the diameter 
and N = the number of revolutions in a minute of one screw, 
D = the diameter, and N = the number of revolutions in a 
minute of the other screws^ Then will their propelling power 
be to each other in the proportion D* x N^ to d* x n\ The 
reason why no limit can theoretically be put to the velocity 
most advantageous for the propelling screw is this, that the 
faster it goes, the less will the loss be, occasioned by the motion 
of the vessel through the water. The centre of propulsion (as it 
may be termed) is distant from the centre of the screw (sup- 
posing the radius one) — -; that is, if a square piece, equal in 

jJ2 




size to tlie triangular vane ^^^^^2— 5 > were to move with 



the same inclination and the velocity which the vane has, or 
-- _ (or about c), their effect would be equal. Supi)Ose now, two 

vessels moving at the same rate through the water, each pro- 
pelled by screws, one large, and moving so that the centre of 
propulsion has a velocity double to that of the vessel ; the other 
smaller, but moving with a velocity ten times that of the 
vessel. In the first one, three parts out of four of the power 
will be lost ; in the second, only nineteen out of a hundred, not 
one-fifth. 

" I shall remain here for at least a fortnight. 

** I am, dear Sir, 

" Yours most resj)ectfully, 

** Davieh Giudv.' 



>* 
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** Gentlemen, " Pkszascb, Corswau^ aw. aorA, 1815. 

^ Enclosed yoa hare a drawing for the towing engine 
for London, which yoa will execute as soon as possible. The 
payment yon will receive from Mr. John MiUs, both he and 
myself being equally interested in this machine ; therefore, 
yon may call for payment on either, or both, which yoa 
plea^se. 

" On receipt of this drawing I wish you to inform me when 
you can execute it, and also whether you can understand the 
drawing. 

'* I expect that the screw will be too large for the barges to 
take to London. If so, leave it in two parts, and we will rivet 
them together in London. 

" I wish you to send to me 9erland invoice, and I will send 
you the balance. Let me know how you are getting on with 
Beeralstone engine. I hope you will forward it this next 
spring-tide down to Bristol, and ship it by the Plymouth 
trader. The adventurers are extremely uneasy on account of 
your delay. I was at Bristol the 22nd inst, and chartered a 
vessel of 90 tons burthen to take down Herland engine, 
which is only 11 tons, for which I am to pay 130Z., instead 
of 208. per ton, which is the usual freight from Bristol to 
Cornwall. 

** Therefore, I have made a sacrifice of 119Z. entirely on 
account of your own neglect. Unless the Beeralstone engine 
is sent down this next spring (which is now nearly at hand), I 
shall get into further trouble and expense on that account also. 
Write to me by return of post to Penzance, and not to Cam- 
borne, as usual. 

" I remain, your humble servant, 

" Richard Trevithick. 

" To Hazeldine, Kabtrick, and Co., 
" lir idgenorth , Sh ropsh ire^ 

Drawings had been sent for a steamboat on the new 
plan, and the screw or screws were actually on their 
way to London before the patent right had been 
scaled. 
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"Mr. John Mills, " Penzance, February 28, 1816. 

"Sir, — On tho other side you have an account of the 
expenses of boilers, &e. 

" I wish you would say what money I have received from 
you in the whole for Peru shares, as I do not exactly recollect, 
that I may enter it to your account all together. 

"The castings I expect you have long since received from 
Bridgenorth. The performance of the great engine astonishes 
every person here; she will do the full work of a 40-hor8e 
engine, with one bushel per hour. The boiler I have sent you 
will do more than a 200-hor8e engine. 

" You may get the boilers and case together in the barge 
immediately. Put the round end of them as near the stern of 
the barge as you conveniently can, because that will give more 
room for the machinerv. 

" As soon as you write me that all the engine is on board the 
barge, I will come up to town. 

" The price I agreed for the freight was lOZ. for each tube, 
and 25«. per ton for the other ii-on, which you will find about 
9 ton^. 

** I have received news from Lima, dated 8th July last, and 
am informed by the Englishmen that went out, that they are 
getting on exceedingly well. They have been offered, and 
refused, at the rate of 8000 dollars for the same share as you 
hold. I would thank you to write an<l let me know whether 
you have received the boilers, and how you get on. Mr. Smith 
fe returned to Greenwich ; if you call that way, he can tell you 
the particidars of the engine, as he saw it at work several times. 

" I njmain, 

** Your humble servant, 

*' Richard Thevithick.'' 

The adaptation of the screw was a great difficulty, 
and the addition of a newly-designeil tubular boiler for 
driving it was a complication of difficulties that Tre- 
vithick might have found his way out of; but it was 
too much for Mr. Mills, or for Mr. Smith, Trevithick's 

VOL. I. 2 a 
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London agent, and engine manufacturer, who had been 
to Cornwall to see what was being done by the great 
high-pressure steam engineer. 

" Dear Sir, "Greenwich, February 29^A, 1816. 

" I have had some conversation with Mr. Marshall about 
the small engines for Manchester ; he says that the power of 
two men will be quite sufficient They expect to have them 
small enough to go in at a common door, to work thenx in the 
room where the machines are fixed. I will thank you to inform 
me what size boiler and cyHnder you consider right for such an 
engine ; you need not trouble yourself to make a drawing. I 
should like to know how the thrashing machine works, soon as 
you have got it finished. Penn called on me a day or two ago, 
and said he was going to assist Mr. Mills in fitting up the towing 
barge, and inquired very particularly about the Herland engine. 

" He said Hawkins told him that your engines would do away 
with all the piston engines. Let me know how you are going 
on at Herland. I tried the engine which you sent me from 
Cornwall, yesterday, which works very well, except the large 
cock, which Field is grinding in this morning.. I rather think 
it got damaged in the carriage. I have painted the fly-wheel, 
and all the parts, and it looks very well. 

'* I have been thinking of selling it for you (which I have no 
doubt may be soon done), and fit up one on the new principle 
for working the press. I hope to receive your drawing soon for 
the engine for the sugar-mill. I have answered Mr. MelTill's 
letter to you, and Mr. Quin's also, and from what Gordon and 
Merj)ey said, expect some onlers from them. 

" You have the enclosed in a parcel to Mr. Page. Have you any 
letters from Lima ? Mr. Marshall says the engines are at work. 

"Hoping to hear from you soon as convenient, I remain, 

with best wishes for vour health, and that of Mrs. Trevithiek 

and fainilv, 

** Yours sincerely, 

''James Smith. 

" P.S. — 1 have just got a letter from Carpenter and Smithes 
Wharf, saying the * Jane,' of Penzance, is arrived." 
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Mr. John Penn, who assisted. Mr. Mills in putting 
together Trevithick's screw-propeller and improved 
steam-engine, was a millwright, and probably the 
founder of the present eminent marine engine-building 
firm, Penn and Sons. 

Field, who also helped, has probably since been 
known as a partner in the firm of Maudslay, Son, 
and Field, equally eminent with Penn and Sons. 
Harry Maudslay, also one of the firm, was then known 
as a clever smith employed by Trevithick. 

James Nasmyth, then a boy, working for Maudslay, 
has since been the maker and patentee of Nasmyth's 
upright or chimney boiler, for which the writer, who 
had the pleasure of his personal acquaintance, paid him 
patent right, though it was almost an exact copy of 
Trevithick's boiler made and used in 1815,' and formed 
part of the engine that Field, and Penn, and others, 
probably Maudslay and Nasmyth, saw and worked on. 

In 1833, the writer, seeking his fortune in London, 
and knowing that Maudslay, then a leading marine- 
engine builder, had benefited by Trevithick's patent 
tanks, and steamboat discoveries, and hoping a return 
for benefits received, sent in his name as the son of 
Trevithick, the engineer, and ask permission to go 
through the works. The answer was, " We are very 
sorry, but it is against our rule;" but he gained admit- 
tance by one of the leading mechanics, his relative, 
schoolfellow, and early shop companion, now the lead- 
ing median ic in Perm's factory, and the grandson or 
grandnephew of old Sam Ilambly, who, as Trevithick's 
lielper, had worked side by side witli Penn and Maud- 
slay in putting together the tanks, nautical labourer, 
and screw-propeller, during 1808 to 1815. 

» Sw Trfvitlurk'u letter, 7th May. 1815, chap. xvi. 

2 A 2 
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« DeaB Sib, "Gmtswich. July 2«*, l^ie. 

'^ I liETe just seen Mr. Milk. He widies me to inform 
yoa that there will be a great many en^nes wanted in Holland 
for the baat& He has seen the smaU engine which I have 
nearly finished, and wishes to trr it on the water with yoor 
screw, I shall, therefore, be oblicred to too to saT bv return of 
po^ what you think should be the diameter of . the screw for 
this size engine, and in what way it wonld be best to work it : 
[>erhaps with a uiiiveri$al j<jint. if the engine will go fast enoogh 
this way ; but let me have your opinion on this particular. I 
expect to hare it finished in a week, when 3Ir- Mills will be 
ready with a proper boat for the purpose. He seems to have 
some doubts of the screw, but says that if this should not 
answer, the old way with the wheels will do very welL I have 
not seen any of the sugar people, but told Mr. Penn to make 
out his bill for them. Mr. Strattan, Gutter Lane, called on me 
the other day, and I promised him a sight of the engine at 
work very soon. Don't make any arrangement with him about 
engines till you hear from me again. Mr. Penn told me some- 
thing alxiut him which I will explain in my next. We had a 
letter from Mr. Page this day ; shall write him in a day or two. 
I have not time for more now, as it is four o'clock. Yon shall 
hear from me again the beginning of the week, but expect to 
hear from you by next post. 

" Yours, &c., 

**J. Smith. 

" P.S. — I will give you the size of the oven in next." 

Mills liked the look of Trevithick s new engine in 
Smith's shop, and wishing to have a screw-steamer, 
oftbred his boat that the engine might be placed in it. 
Smith engaging to discover from the great necromancer, 
then in Cornwall, how the screw should be made, how 
it should be fixed, and how it should be worked, to 
which an answer was sent by return of post. Mr. 
Smith had married a sister of Mr. Page, who, with his 
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partner Day, were solicitors for the South American 
mining scheme. 

** Dear Sir, " Greenwich, August Ut, 1816. 

" I have just received your letter dated July 29, and 
shall proceed with the screw, according to your direction, but 
am much afraid that I shall not have the engine finished before 
you come. I wish you would stop another iveeky that I may get 
it done before you see it. 

*' Mr. Mills says that engines of 30 and 40 horse-power will 
be wanted, and a great many of them, and is very anxious to 
see the small one tried. 

" I am very forward with it now ; but, being a new thing to 
me, have had many tools to make, and Mr. Penn has been 
rather unfortunate in the casting the fly-wheel, which you saw 
on his premises was broke in the turning, and the first cylinder 
was good for nothing, and we had to cast another, which is 
pretty good. Hoi-ton charges 46Z. for the boiler, which appears 
to be well mada I have got it on the wheels, and have 
finished the box at the bottom for the chimney, and have 
ordered the pipe for the chimney in to\ra. The stuffing box for 
the valves is screwed on the top of the boiler, and the double 
cylinder is screwed to the sida The standards for the shaft of 
the fly-wheel are aLso fixed, and Penn is turning the shaft from 
a wood pattern, which I have given him. I am going to town 
this afternoon about the copper tubes or pipes for steam and dis- 
charging. The fire-door is finished, and the bars are in place. 
All this is done, and yet I think it will take another week to 
complete it, and I very much wish to finish it before you see it. 

" The sugar-bakers have not got Mr. Penn's bill yet, but this 
I suppose does not much signify. 

" I have asked the plumber to give his charge for what little 
he did in this business, but have not got it yet. We received 
the fish, Imms, &c., yesterday evening, which are not in the 
least injured. We are much obliged to you for them. I shall 
not trouble you about the oven yet, as I cannot as(;ertain the 
size exactly, and am too much engaged at pn^sent to think 
about it We are very glad that you are all well, and shall 
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be happy to see you at Greenwich, and perhaps Mrs. Trevithick 
or Miss Trevithick will take a trip with you. I' need not add 
that we shall be happy to see thetn. 

"I am, dear Sir, 

" Yours sincerely, 

** James Smith." 

Trevithick's leaving for Lima in two months from 
the date of those experiments prevented his perfecting 
the screw-propeller. 

" A Select Committee of the House of Commons commenced 
its sittings May 8th, 1817, to inquire into the use and safety of 
Trevithick's high-pressure marine engines. 

" Mr. Bryan Donkin examined : — Witness went down to Nor- 
wich as a volunteer, to inquire into the cause of the explosion 
of a steamboat ; was accompanied by Mr. Timothy Bramah and 
Mr. Collinge. Was of opinion that the immediate cause of the 
explosion had been the use of steam of a very high expansive 
force. The approximate cause was a deficiency in the strength 
in the end of the boiler. It was cylindrical. One end was 
wrought iron, the other end cast iron. It appeared to have 
been previously of wrought iron, and had been cut out, and cast 
iron substituted in its place. Would not choose to use a high- 
pressure engine, from the danger which arose from their use. 
Scarcely ever saw the low-pressure engine beyond 6 lbs. to 
the inch. Thought it just to state to the Conmiittee that 
there was an advantage to be derived from the use of high- 
pressure engines on board of boats. Had likewise been told, 
though without having seen one, that Trevithick had invented 
a method of making boilers by increasing the length, and 
decreasing their diameter, so as to render them capable of main- 
taining pressure to a much greater degree than heretofore. 
Had no doubt but Cornwall had derived incalculable advantages 
from the use of high-pressure engines. 

" Report of the Select Committee of the House. — Your Com- 
mittee find it to be the universal opinion of all persons con- 
versant in such subjects, that steam-engines of some oonstmction 
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may be applied with j)erfect security, even to passenger vessels ; 
and they generally agree, though with some exceptions, that 
those called high-pressure engines may be safely used, with the 
precaution of well-constructed boilers and properly-adapted 
safety-valves ; and further, a great majority of opinions lean to 
boilers of wrought iron or metal in preference to cast iron."* 

At the time of the inquiry by the House of Commons 
into the propriety of allowing the use of the high- 
pressure steam-engine in England, Trevithick was 
successfully working it on the top of the Cordilleras. 
The new boiler referred to by Mr. Donkin was the 
multitubular boiler, constructed for the screw-propeller 
engines. 

On Trevithick's return from America ten or twelve 
years afterwards, he wrote : — " The boilers in use 
prior to your petitioner's invention could never, with 
any degree of safety or convenience, be used for steam 
navigation, because they required brick and mason 
work around them to confine the fire." 

This statement, made fifteen or twenty years after 
his numerous applications of steam on board vessels, 
beginning in 1803 with the dredger- boat in the 
Thames, and then the steam-barge in 1804, prior to 
which no boiler, except his own, had been erected 
without a casing of brickwork flues, proves him to 
have l)een the first practical applier of the marine steam 
boiler and engine. 

In 1788 Patrick Miller, Taylor, and William Sym- 
ington, tried to propel a boat by a l-horse-power 
steam-engine,' and after thirt-een years of consider- 
ation, Symington, hoping he had made the idea prac- 
tical, took a patent in 1801 for " the application of such 

* Abiitract of evidence before a Select Onnmittee of the House of (VniimonH 
on Steam. ' * Dintinf^iiflhed Men of Science,' by H. Walker. 
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an engine, to propel a vessel by paddles ; " and in 
1803 the * Charlotte Dundas' was propelled by steam 
in the Firth of Clyde, bat after a short time was laid 
aside. "In 1807, Fulton, of New York, launched the 
' Claremont,' said to be the first steamboat that success- 
fully carried passengers for hire. In 1812 the * Comet' 
steamboat, by H. Bell, plied between Grlasgow and 
Helmsburgh, and in 1813 the * Elizabeth' steamboat, 
on the Clyde, was probably the first remunerating 
steam- vessel in the world ; " ^ so that twenty-four years 
elapsed between the idea of Miller and Symington, and 
its first practical use. 

The first attempt, on any scale worthy of notice, at 
navigation by steam in Britain was made about this 
period on the river Clyde. A boat of about 40 feet 
keel and 10^ feet beam, having a ste«am-eng-ine of 
3-horse power, began to ply on the Clyde as a passage- 
boat between the city of Grlasgow and G-reenock in 
1812; but owing to the novelty and apparent danger 
of the conveyance, the number of passengers was so 
very small that the projectors for some time hardly 
cleared their expenses.^ 

It is curious that while this experiment was going on 
in Scotland, Trevithick was corresponding with Sir John 
Sinclair on the subject, and on the 26th March, 1812, 
stated : " I have found that three horses towed two ships, 
of 300 or 400 tons burthen, at two miles an hour," thus 
intimating the probable power of their 3-hor8e * Comet' ; 
and added, "a 30-horse steamboat-engine on my plan will 
not exceed 8 tons in weight." But Trevithick was far 
in advance of such small work ; he had then the screw- 
propeller in hand. " The construction of steam-engines 

* WcMKUrrolt *(>n Marine Pn)pulKion.' 

^ * History ol' the Stcam-Kngine/ by Stuart. 
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hitherto has made them very unfit for ship purposes, on 
accoimt of their immense weight, bulk, and comph'ca- 
tions; also the method of applying the power by wheels 
over the ship's sides would make them very unwieldy 
in gales of wind ; the engine that I have lately invented 
is not one-tenth part of the weight or bulk of other 
engines of the same power ; the fire, witli all the appa- 
ratus, is enclosed within a wrought-iron boiler, so that 
no part could be injured from the rolling of the ship."^ 
This boiler, patented by Trevithick in 1802, and used 
in his steamboat of 1804, was precisely the one which 
enabled this Clyde boat of 1812 to work, and is thus 
described : " The boiler in which the steam is produced 
is made of strong wrouglit-iron plates, and the fire- 
place is an iron tube contained withinside ; the smoke, 
after passing through two or three turns of the tube 
in the l)oiler, passes off through the chimney, which is 
an iron tube. The bosit was about 80 tons burthen ; 
she went about six miles per hour in smooth water; 
the circumrerence of the paddle-wheels wont at a speed 
of thirteen miles per hour.'"'' Not only was the Clyde 
boat of 1812 a close copy of Trevithick's boat of 1804 
in size of boat, speed of wheels and of boat, and kind 
of boiler, but the words used by Rees in its descrip- 
tion read almost as extracts from Trevithick's letters 
of lOtli January, 1805, and 2Gth March, 1812, thus 
making good his statement that '' the boilers in use 
prior to your petitioner's invention could never, with 
any degree of safety or convenience, be used for steam 
navigation, because they required a protection of brick 
and mason work around them."^ 



' Sr Tn'vitliick's littor, 20th March, 1812, p. 344. 

'-' StH.- U«*h' * CyclniKi-tlia/ " St«iiii- Engine,'* publiHhetl 181t>. 

^ See Petition to Tarlianient, cliap. xxv. 
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According to Rees, the American first steamboat 
experiments had the same origin, from Trevithick 
through Symington, though he says that the high-pres- 
sure engines ought not to be allowed in steamboats, 
and fails to mention the name of Trevithick. 

The Scotchmen feared to go by the Clyde boat of 
1812, because it was worked by Trevithick's high-pres- 
sure boiler ; and if, as has been said, articles in Rees' 
'Cyclopaedia' were written by Dr. Robison, we can 
understand why, as the supporter of Watt, he did not 
trouble to trace the particulars of Trevithick's steam- 
barge of 1804, which worked with steam of from 50 to 
100 lbs. on the inch, being just the pressure now much 
approved of in steamboats. 

" The * Egypt,' which is, we believe, except the 
* Great Eastern,' the largest steamship afloat, is fitted 
with engines constructed on the compound principle, 
with boilers giving steam of 75 lbs. to the square inch. 
The ship has five steam-winches, and a steam capstan 
and windlass of Napier's patent. The steam-winches 
supersede a vast amount of manual labour ; they work 
the pumps, hoist the sails, and discharge and load the 
cargo. The 'Egypt' has four masts; all the lower 
masts are of iron, while the lower yards and lower top- 
sail yards are made of steel." ^ 

The principles illustrated in this modern iron steam 
and sail ship, built one hundred years after the birth 
of Trevithick, may be traced in his own description of 
his inventions sixty years ago. It is not meant to com- 
pare the * Egypt ' of to-day with the iron ship of 1809, 
or the Thames experiments and screw-propeller and 
multitubular boiler of 1816 ; but it may be said of each 
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of them that they were iron sailing ships, with iron 
masts and yards, propelled by a screw, driven by direct- 
action expansive engines, with surface condensers, and 
tubular boilers giving steam of about 75 lbs. on the 
square inch, and that in each of them the cargo, the 
sails, and the anchor were to* be lifted by the steam- 
engine. The acts of Trevithick in the steam-dredger 
engine of 1803, the steamboat of 1804, the cargo and 
anchor lifting engine of 1808, the iron steamship with 
iron masts, direct-action expansive steam-engines, and 
surface condensers of 1809, and the screw-propeller 
and multitubular boiler of 1812 to 1816, added to the 
modern improved detail of construction, constitute the 
iron steam fleets of the present day. 
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BZCOIL EXGIXE ikXD TTBTLAB BOILEB. 
" Me. GIPDT. " BUDCENOBTH, HM .V<iy, 1^15. 

" Sir, — Ttrstt-rdaT I fixed the pomps to the new engine 

which goes ts ■:•*?• ^Jirijly we!L 

^ " The backet is 24| inches dis- 

meter, 18^ feet high, stroke 3 teet, 
works fiOeen strokes per minote. 
with about 28 !bs. of co*i per hoar. 
The arms are 15 feet from point to 
point, bat only one of them gives steam. 
Thev run twenty rounds for one stroke 
of the engine, which is worked by a 
strap, like a common lathe. The steam 
was about 100 lbs. to the inch. The 
opening iu the arm was about half an 
inch long, by a quarter of an incli wide. 
I intend to work the steam mach higher. 
The fire-place is one tube in another. 
The fire-tube is 17J inches diameter, 
the outer tube 24 inches, 9 feet high. 
It stands perpendicular. I shall con- 
tinue to make several experiments, and 
will give you the results, but as yet 
cannot say much about it, as it was 
late yesterday before I finished it. 
"1 am convinced that it has by far 
I the greatest power for the consumption 
of coal that was ever made. When I 
consider the friction in this amall 
machine and the small fire-place, where 
there is not above three gallons of coal, 

with the work it iwrforms, I can scarcely believe my own eyes. 
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I have written by this post to Cornwall to desire the Foxes 
to send up their engineer to inspect it. The large engine is 
begun, according to the drawings. 

"It will be about thirty-five times the fire sides and fire- 
place of this small engine. I think it will do fifty times the 
work, becjiuse the friction will be much less in a large than in a 
small macliine. The expense will be about 800Z., and the power 
will be equal to a 70-inch cylinder double power. I shall be 
able to carry every part of this powerful engine on my back 
(boiler (excepted). I would be much obliged to you to inform 
me what speed you think would be the best for the ends of 
the arms to travel. 

'* 1 remain, Sir, 

** Your very humble servant, 

" Richard Trevithick." 

This overcrowding of invention on invention was 
beneficial to the country, prompting others to complete 
and make useful the ideas so freely scattered, but 
it had the efiect of retarding the perfection of any one 
in particular. 

The screw-propeller, in itself complete, was tied to 
the incomplete recoil engine, which in its turn was 
hamiKired with the new midtituhular boilers, of novel 
construction, and giving steam of greatly -increased 
pressure. The main ol)ject of the recoil engine was to 
avoid complexity of machinery, and consequent weight 
in marine steam propulsion. 

The recoil engine consisted of two arms, in form 
like the scabbard of a cavalry sword, each arm 7 feet 
(J inches long, projecting from an axis. Steam passe<l 
through those hollow arms, and escaping through 
a small hole near the end, its impact on the sur- 
rounding air caused the arms to Ixj forced into cir- 
cular movement. The propelling screw in the steam- 
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vessel was to be attached to the same axle. A belt- 
wheel fixed on the shaft drove a pump for the purpose 
of practically testing the economical power of the 
engine. The boiler, of novel construction, though 
its simplicity almost leads to its being called not at 
all new, was his comparatively old tubular boiler shifted 
from the horizontal position to the vertical. Yet the 
two boilers in operation were totally distinct things, 
the new one being suitable and convenient for the 
hold, taking up little room, and not liable to have 
portions injuriously exposed to the fire from the roll 
of the vessel. That portion of the fire-tube above the 
water-line was an efiective substitute for what has since 
been patented as the superheating steam apparatus, and 
at tlie same time served as a portion of the chimney. 
The working steam-pressure was 100 lbs. to the inch. 
Several experiments were tried by altering the size of 
the escape-hole in the end of the revolving arm from 
a quarter of an inch long, by one thirty-second of an inch 
wide, tlirough various widths up to half an inch wide. 
The speed of the arm was from 10,000 to 15,000 feet 
a minute. Richard Preen, who saw it work, gave the 
following recollections : — 

*' I am now seventy years old, and was working in 1809 in 
John Hazeldine's engine foundry at Bridgenorth, and have been 
there most of my time. About that time Mr. Trevithick came 
very often to the foundry. The engines Hazeldine was building 
were called Trevithick's engines. The outer boiler was a cast- 
iron cylinder like a barrel, about 5 feet in diameter. The fire 
was inside in a wrought-irou tube. The cylinder was let into 
the boiler, the four-way cofk had a handle that was knocked 
up and down. The piston-rod liad a cross-head, and two side 
rods went down, one to the pin in the fly-wheel, the other to a 
pin in the cog-wheel ; some of them had a crank on one end of 
the shaft instead of the cog-wheel. 
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" Mr. IVevithick roade another kind of engine, called the 
Model, sorae people called it the Windmill, and said it was 
intended to throw balls against the French. There were two 
great arms, each of them 10 or 12 feet long, placed opposite 
one another on a hollow shaft or axle, which had a nozzle in it 
When steam was turned on it pnflFed out at the ends of the 
arms, and they went around like lightning, with a noise like 
shush ! shush ! so then it was called by that name. 

'* This engine was made just before Mr. Trevithick went lo 
South America. He did not know what to do with it, and so 
gave it a present to Jones, the foreman in the works. 

" Master and Jones had a pretty quarrel about who should 
havo it afterwards. 

** Mr. Rastrick was considered the engineer. He quarrelled 
with Hazcldine about putting up the Chepstow Bridge, and set 
up for himself at West Bromwich, to construct portable engines, 
the same as they made for Mr. Trevithick. 

** He sent word to me to come to work for him. I was then 
working one of Mr. Trevithick's engines in Mr. Sing's tan-yard. 
They said they would put mo in prison if I left them. That 
was about 1818. 

" Mr. Ilazcjldine's brother (William Hazeldiue) lived at 
Shrewsbury. He built Bangor Bridge. 

" A Spaniard came once or twice with Mr. Trevithick. I was 
getting the core out of one of the cast-iron boilers before it was 
cold, for fear of straining the iron. The Spaniard sent for 
quart(»r of a cask of beer because we worked hard. Several 
engines and plunger-pumi)s were made, no piece to be larger 
than a mule could carrv.'* ' 

" Hazkuhnk/s ForsimY, Bkiimjknorth, 

**I)aviks GiiiDY, Esq., M.R, " JAi^^ 12M, ih15. 

** Sir, — 1 have received both ycnir favours, which I 
cannot clearly understand. You say that the point of the arm 
ought to go fivc^-sixths of the speed of the fluid, which under 
one atmosphere would be 1070 fi»et per second, and to increase 
as the pressure and speed of the fluid increases. Suppose one 



* Kicliunl l*n*<'n*s rt*<nlItrtiniiH, taken at Hrid^i-iiorth, 181)9, 
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atmosphere, or 15 lbs. to the inch, to be 1070 feet per second 
for the point of the arm to go, four atmospheres, or 60 lbs. to 
the inch, would be 2070 feet per second for the point of the arm 
to go ; 16 atmosj)heres, or 240 lbs. to the inch, would be 4140 
feet per second ; this would be a speed more than double a 
cannon-ball, and sach as can never be obtained in practice and 
while working in fluid instead of vacuum. 

" Tlie speed of the fluid does not increase after the pressure 
of 'one atmosphere. 

*' I cannot make out why the speed of the arm should ever 
increase beyond 1070 feet per second; but as you have given 
it so mucli thought, I doubt not your calculations are right, 
and I only wisli to understand you, whether the speed of the 
arm should never exceed 1070 feet per second, under all pres- 
sures, or whether it is to increase as I have stated above. If so, 
it will go so far beyond practice that I must lose a part of the 
power for a less speed, so as to accommodate it to general use. 
What do you suppose the loss was in working 225 feet per 
second, which was about the rate in the data that I gave you in 
my first letter ? 

" Suppose I make the large engine for which I am now 
making the drawings to go with a speed of 350 feet per second, 
what part of the whole power should I get in that case, or what 
deficiency would there be to deduct from the f ths which you call 
the best data? As I have not yet begun that part of the 
machine, I can alter it to any speed you think proper, and I 
will do so ; but that is a speed that is suitable to the screw on 
the first motion, and a speed that the centres will stand well. I 
am doubtful whether the speed is so great on steam as the 
theory of air gives, because I find that the arm that contains 
the steam holds about 30 feet long of 1 inch square of steam, 
and when the discharge-hole at the end of it has an opening of 
i nich by Aths, which is about ^\ih of a square inch, when the 
throttle-i*ock is suddenly shut, the steam continues to discharge 
for four seconds, first strong, and gradually falling down from 
100 lbs. to the inch to atmosphere strong. I have not worked 
the engine to any advantage since I wrote to you last, because 
b(»forc; working with very high steam I wished to force the 
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boiler with cold wat^r, which I did with 300 lbs. to the inch. It 
stood exceedingly well ; only in a few critical places, in angles 
where the smiths could not come to close the rivets well, the 
cement has been forced from between the plates, but no altera- 
tion in the shape, nor has any part given way. 999 parts of 
the boiler out of the 1000 did not leak a single droj). I am now- 
getting out the few leaking rivets, and shall then try it again. I 
find a great deal of difiSculty in keeping the water in the boiler 
from getting away with the steam ; the one tube being 18 inches 
diameter, and the other only 2 feet diameter, leaves but 3 inches 
Ki)ace on each side, or but 2 superficial feet of surface of water 
to give out the steam, which comes with such violence that it 
brings the water with it, unless it is 5 feet below the boiler-top, 
obliffine: me to lose near one-half of mv fire sides in the inner 
tube. 

** About a foot and half down from the top I put a quantity 
of hemp, and loaded it with small pieces of iron like a packing, 
to serve as a sift for the water, but though it mends it, yet it is 
not a cure. I have taken a patent, and shall put in my sj)eci- 
fication as soon as I return to London, which T expect will be 
in the course of ten or twelve davs. 

" T remain, Sir, 

"Your very humble 6t*rvant, 

" HlCHARD TrKVITHICK. 

" P.S. — I have drawn the cylinder 9 feet diameter, in which 
th<» screw is to work, which will be 8 feet 10 inches in diameter; 
having two turns in 4 feet long, of coui-se it will gain 2 feet 
forward to each turn and to each round of the st<»am-arms, the 
same as the screw, Iwing on the first motion. At a rate of 
al)f)ut '^OO feet jx^r second on the end of the arm, will give the 
screw alx)ut ten miles forward per hour." 

The recoil engine was n(^t quite satibfactory, for the 
steam issued from the aperture for four seconds after 
the supply liad been shut off, showing a loss of power 
during its passage through the arm : one hoped-for 
means of obviating it was to get stronger steam. The 

VOL. I. . 2 b 
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a'tnaw tliat tlie new engine was to throw I^IU n^iu&t 
the Frericli, and Trevitliiek's calculation coupling the 
tipec'd of the arms with that of a cannon-ball, are as 
flofitin<r straws indicating that the current of con versation 
ftill ran on the possibility of attacking the French h_v 
ntwirn, though the method was sliifted from tlie steam 
firc-fthifj to the centrifugal steam-catapult. 

" DaVIES GlDDV, Esq., M.P., " Bridoenoetb, May Kilh, 1815. 

*- Sir, — Tlie boilers iniikiDg for this towing cnirine are all 
tubes, of 3 feet diameter, phs of an incb thicl, with circular 
C'IiJh, of wrouglit iron. 

" Thtre are tbrce horizontal tubes, to each of which three 
crtlier luljes are susiwnded, wliicli will all be fised op hnng op 
in u large cbimney, thus: — 
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" Though I have called it stone-work, it will have for portable 
pnrpfises aii outside case of iron Inte<l with fireclay, but for fix- 
tures, Htone-wiirk. I am satisfied that far rotary engines it will 
do well, but for engines lifting water the speed must be so 
reduced that it will bo more expensiro for that purpose than 
other nmohiucry. I have been thinking of a method to use high 
sleain in another way fur that puriKiiie, of wliicli I sent a sketch 
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for your inspection. Suppose I work with 200 lbs. to tlie 
inch prcssui'C, which, in theory, the tubes on the other side will 
Rtand, according to tho experience in proving wrought-iron 
cables, which stand 50,001) lbs. to the square inch of iron, 
above 2000 Iba. to the inch on the tubes; therefore the pres- 
sure I intend to work with will bo only 10 per cent of tlie 
real strength. Suppose a common plunger piece and pole to be 
placed over the shaft, or a little below the surface, to stand on 
a beam of wood across the pit, on each side the iron plunger- 
pole side rods connect to the shaft rods below. From tlie 




bottom of the ])Iunger-pit'co a small pipe conveys water forward 
and backward to a steam-TesscI, which water would pass and 
2 B 2 



372 UECOIL ENGINE AND TUBULAR BOILER. 

repass even' stroke by the steam pressing on the surface of the 
water in the steam-vessel. 

" This would not need an engine-house or beam. The whole 
could be fixed complete (boiler excepted), of the power of the 
Watt 63-inch double, for 2oi)l or 300/,, because a 20-inch 
plunger-i>ole would give that power. 

" By tiiis plan the expansive steam might be used. Would 
the steam on the surface of the water heat it above the boiling 
point, and then imbibe heat and again discharge it, as the pres- 
sure of the steam is thrown on and off, or would it not answer to 
put a float of cork on the water ? 

"By this jJan the packing could be kept tight with any 
pressure. 

'*The heavy rods would take the advantage of the ex[>an- 
sion of strong steam, and I cannot see but that the engine 
would be manageable with 3-inch valves, which would be easily 
worked. 

*'The whole expense of the machine would not exceed 

lOOOZ. for a power equal to a 63-inch double-power engine of 

Watt. 

'* I remain. Sir, 

** Your very humble servant, 

" Richard Trevithick." 

Within a week from the trial of the simple vertical 
wrought-iron boiler with fire in the tube, he had de- 
signed and was putting into execution an entirely new 
boiler, composed of numerous tubes, and giving steam 
of 200 lbs. to the inch. 

To avoid the loss of power by loss of heat which had 
been observed in the recoil arm, he thought of forcing" 
water through it in lieu of steam ; but to make it more 
intelligible to his friends, he applied the idea to one of 
his pole-engines. 

The following letters give indications of experiments 
with various forms of tubular boilers : — 
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** DeaK TkkVITHICK, "Tredrea, Decembrr Msf, 1815. 

"I have really been uneasy on one point since I saw 
your engine at Herland, and that in respect to the raising of 
sufficient steam. There is without doubt sufficient surface, but 
then a great part of the long tubes will be remote from the fire, 
and consequently, I fear, of but little power for raising steam. 
I should very much have preferred using four 
or five shorter tubes arranged in this manner. 

** It is difficult to give any reason for the 
greater power of fire applied in this manner, 
but there seems to be no reason for doubting 
the fa<!t. 

" No alteration can, however, now be made, and I shall wait 
with much anxiety for an account of the engine's performance. 

** You will not forget the Geological Society. I am not even 
desirous of beautiful or costly specimens. What I request is 
that you will furnish us with siimples of the different countries 
producing the silver ore, and specimens of the lodes in their 
bulk and in deptli. I shall leave Tredrea on some day of the 
second w(»ek in .lanuary ; but it may be as well to direct to me 
here, as I shall leave directions with the Post Office at Mara- 
zion about forwarding my letters. 

*' Yours, ever most faithfully, 

" Da VIES Giddy." 

Mr. Davies Giddy'w sketch is very like the fixing of 
tul)es in modern locomotive fire-boxes ; Lis words do 
not fully explain his views. My friend and railway- 
companion in work, the late Mr. Henry Booth, has been 
called the inventor of the tubular boiler, used in Stephen- 
son's trial locomotive, the 'Rocket,* in 1829; while 
Trcvithick and the President of the Royal Society 
fn.'ely corresponded on the principles of such l)oiler8 
and their practical construction fifteen years l)efore, 
when they were not only used with higher pressure 
steam than Booth dreamt of, hut were also patented. 
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" Mr. Giddy, "Herland, Srd January^ 181G. 

" Sir, — I have your favour of the 30th December. You 
are mistaken in calculating the tubes as not having so much 
fire exposed to them as in the usual way. The fire-place is 
6 feet 9 inches wide, and 8 feet long, and the two tubes have 
nearly two-thirds of their surface, as the flue copes in a great 
way above the centre of the tubes. There will be about 96 feet 
exposed immediately over the fire-place. The surface of the 
fire is 54 feet, which is as much as is usually given in the largest 
engines. 

**A11 the remainder of tlie heat, in the old way, is given 
through the sides of the boiler, when passing round perpen- 
dicular flues; but in this way the fire, after it has passed the 
fire-place, will descend to the lower end of the tubes, and give 
heat that will ascend instead of going horizontally, as is the 
usual way of perpendicular flues. 

" If you leave home before the engine works, I will write to 
you every particular. If I do not chance to see you again 
before I leave Europe, I shall not forget to furnish you witli 
information and specimens from America. I did not recollect 
to inform you when at Herland that the Foxes' engineer was 
here the day before you were, and said that he had worked a 
model about a week before with water, in the same way as I 
first proposed, and that the water did not get so hot as con- 
densing water in four hours' working ; neither did it escape, but 
worked exceedingly well, and far beyond any other engiue. 

" I remain. Sir, 

" Your very humble servant, 

" Richard Trevithick." 

The results of these experiments for using water as a 
medium for conveying motion and reducing the amount 
of loss of steam and beat in the ordinary steam-engine, 
are not traceable. 

His use of a screw for causing a draught in the chim- 
ney, in the fourth clause of the patent, where from the 
character of the engine he could not apply his former 
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steam-blast, lias been taken by some as a proof that 
Trevithiek had used the steam-blast without under- 
standing its value, when in truth it was only an addi- 
tional proof of his inventive resources and power of 
working, not only with the blast but also without it. 

Propelling Vessels, &c, 6ih June, 1815. 

" Instead of a piston working in the main cylinder of the 
steam-engine I do use a plunger-pole similar to those employed 
in pumps for lifting water, and I do make the said plunger-pole 
nearly of the same diameter as the working cylinder, having 
only space enough between the pole and the cylinder to prevent 
friction, or, in case the steam is admitted near the stuflSng box, 
I leave sufiicient room for the steam to pass to the bottom of 
the cylinder, and 1 do make at the up|)er end of the cylinder, 
for the plunger-|)ole to pass through, a stuffing box of much 
greater depth than usual, into which stuffing box I do introduce 
enough of the usual packing to fill it one-third high. Upon 
this packing I place a ring of metal, octcupying about another 
third part of the depth of tlie stuffing box, this ring having a 
circular groove at the inside, and a hole or holes through it 
communicating with the outside, and with a hole through the 
side of the stuffing box ; or, instead of one ring containing a 
gnx)ve, I sometimes place two thinner rings, kept asunder by a 
number of pillars to about the distance of one-third of the 
depth of the stuffing box, and I pack tho remaining 8i>aco 
above the ring or rings, and secure the whole down in the usual 
manner. The intention of this arrangement is to produce the 
effect of two stuffing boxr*s, allowing the space between the two 
stuffings for wat^jr to piu<s fniely in from the boiler or forcing 
pump through a pipe and through the hole in the side of tho 
stuffing l>ox, so as to surround the plunger-|>ole and form the 
ring of water for the pur|H)se of pnjventing the escape of steam 
by keeping up an equilibrium Iwtween the water above the 
lower stuffing and tin? stram in the cylinder. I^y this jwirt of 
my said invention I obviat<* the necessity of that tight {nicking 
which is recpiisite when steam of a high pressun^ is used, and 
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• 

consequently I avoid a greater proportion of the usual friction, 
because a very moderate degree of tightness in the packing is 
quite sufficient to prevent the passage of any injurious quantity 
of so dense a fluid as water. And I do further declare tliat I 
use the plunger-pole, working in a cylinder and through a 
double stuffing, either with or without a condenser, according to 
the nature of the work which the steam-engine is to perform. 

"The second part of my said invention consists in causing 
steam of a high temperature to spout out against the atmo- 
sphere, and by its recoiling force to produce motion in a direc- 
tion contrary to the issuing st^am, similar to the motion pro- 
duced in a rocket, or to the recoil of a gun. The mode of 
carrying this into eflect will be readily understood by sup- 
posing a gun-barrel to be bent at about a quarter of its length 
from the muzzle, so that the axes of the two limbs shall be at 
right angles to each other, and the axis of the touch-hole at 
right angles to the axis of the short limb, or the limbs con- 
taining the muzzle ; then in the top of a boiler suitable to the 
raising steam of a high temperature make a hole, and insert the 
muzzle of the gun-barrel into that hole, so that the gun-barrel 
may revolve in the hole steam-tight, and let the short limb of 
the gun-biu-rel be supported in a vertical position by a collar, 
which will jiermit the breech of the gun-barrel to describe a 
horizontal circle, the touch-hole being at the side of the barrel. 
If steam of a high pressure be then raised in the boiler, it vrill 
evidently pass through the gim-barrel and spout out from the 
touch-hole against the atmosphere with a force, greater or less, 
according to the strength of the steam ; and as the steam is 
also exerting a contrary force against that part of the breech 
which is opposite to the touch-hole, the barrel will recoil, and 
because the other end is confined to a centre, the breech end will 
go round in a circle with a s|>eed proportionable to the pres- 
sure given, and may readily be made to communicate motion to 
machinery in general. This simple form of my invention is 
given merely to convey to the mind a clear idea of its nature; 
but in practice I do make the revolving limb, which for the 
sake of distinction I call the arm, much greater in its horizontal 
breadth than in its [K?r|»ondicular thickness, in oixler that the 
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arm may meet with but little resistance from the surrounding 
medium during its revolution, and I do introduce between the 
muzzle of the barrel and the boiler a steam-pipe with a cock or 
valve for the purpose of occosionally stopping the passage of the 
steam, and thereby preventing the motion of the arm, without 
wasting or lowering the pressure of the steam in the boiler, as 
well as to regulate the speed of the arm by allowing more or 
less steam to |>a8s through it ; and I do attach another arm of 
equal weight with that fii-st ascribed in an opposite directi^m 
from the centre of motion to equalize the centrifugal force, and 
also by acting Jis a balance to avoid the great friction whi(;h 
would otherwise take place between the barrel and tlie sup- 
porting collar. I do also construct this improvement with two 
or more arms, having similar perforations and apertures for the 
steam with the arm first al>ove described, and I do, when more 
convenient, i)hi('(^ the axis of revolution horizontal, or even in- 
clined, instead of vertical ; and I do sometimes make the com- 
munic4ition from the steam-pijxj into the middle of the sup- 
jK)rting collar, and from thence into the barrel, through a hole in 
that part whicii tyrns in tiie collar, making a groove round the 
inside of the collar opiH)site to the hole in the barrel, or a groove 
round the barrel opposite to the hole in the collar, in order to 
allow the steam free passage during the whole of the revolution ; 
and 1 do make the aperture through which the steam is to 
spout <;apablo of being increased or decreased in its dimensions 
by means of a sliding piece, marked with a screw, in order to 
apiM)rtion the size of the aperture to the strength of the steam, 
the size of the boiler, and the work to be p(»rfonned. In castas 
where great spec 1 is required, the revolving arms should be 
ma<Ie siiort, and applied immediately on the axis of motion, 
without the usual intervention of multiplying wheels. It is un- 
necessary to mention any more variation of the mode of 
carrying this m-cnnd part of my invention into effect, since 1 
claim as my invention the various forms of causing steam of a 
high pres>ure to pass from a Uiiier through one or more j)er- 
forated revolving arms. an<l to H{K)ut out agiiinst the atmosphere 
from an aperture at the side, near the extremity of the arm or 
arms. 



378 RECOIL ENGINE AN1» TCBLLAR dJlLER. 

** The third part of my inveDtion consists in causing steam of 
a high temfierature to act upon water, and that water to operate 
upon or under a piston, without permitting the steam to come 
in contact with the piston ; by this contrivance, also, I obviate 
the necessity of that tight packing which is required when 
steam of a high temperature acts immediately on a piston* To 
effect this purpose I use two vessels, standing side by side, 
which, for the sake of bearing high pressure, I make of a 
cylindric form, closed at t)ie bottom, but connected at the lower 
part by a tube. One of these cylinders, which I call the steam- 
vessel, has a close cover, into which are inserted a steam-pipe 
and a discharging pipe, and in each pipe there is a valve or 
cock. The other vessel, which I call the piston-cylinder, is 
furnished with a piston, the rod of which may be attached to a 
punip or other machinery. To put this apparatus into opera- 
tion the piston is to be placed in and near the bottom of the 
piston-cylinder, and the steam-vessel filled with water; then, 
the discharging valve being shut, and the steam-valve opened, 
the steam will pass on the surface of the water, or upon a piece 
of cork or other substance floating on the surface, and by that 
pressure force the water down to the lower part of the vessel, 
through the tube, into the bottom of the piston-cylinder, and 
drive up the piston, without admitting any steam to pass out of 
the steam-vessel into the piston-cylinder. As soon as the steam 
has arrived near the orifice of the tube the steam-valve is to be 
shut and the discharging valve opened; the steam will then 
escape through the discharging pipe, and allow the piston to 
descend by its own weight, and drive tlie water back again into 
the steam-vessel, and by that means make a complete stroke, 
which may be rejieated as often and with as much force as the 
size and construction of the boiler will supply the requisite 
quantity of steam. By the alternate passage of the same water 
from one cylinder to the other the water may be kept nearly 
to boiling heat, and consequently there will be no considerable 
condensation of the steam on its coming in contact with the 
water; and, if the little condensation which will take place 
should add to the quantity of water in the vessel, that extra 
quantity may be ejected at every stroke through a pij^e and 
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regulating cock comraunicating with the piston-cylinder. A 
double engine is to be constructed by using two steam-vessels 
with their valves, to force water alternately on each side of the 
piston, in which case the piston-cylinder must bo closed at the 
top, and the piston-rod worked through a stuffing box, in the 
usual way ; or the steara-vessels may be applied to force water 
alternately under two single pistons, working in cylinders open 
at the top, to produce the effect of a double engine. And I do 
further declare that this part of my said invention is not 
capable of being used with a condenser, because the water in 
the steam-vessel would, if exposed to a vacuum, evaporate into 
the condenser, and destroy the vacuum. By lengthening the 
pipe of communication between the steam-vessel and piston- 
cylinder the power of this engine may be conveyed to a 
great distance from the boiler, without intermediate beams 
or connecting shafts. And I do further declare that, although 
I have described this part of my said invention as acting 
with a piston in the piston-cylinder, I sometimes use the 
plunger-pole, working through a double stuffing box instead of 
a piston. 

** The fourth part of my said invention consists in interposing 
the steam-vessel of the third part between the boiler and re- 
volving arms described in the second part, so that, instead of the 
steam passing into the revolving arms, it shall pass on the sur- 
face of the water in the steam-vessel, and force the water 
tlirough the aims and out at the apertures near their extremi- 
ties against the atmosphere, and produce the revolution of the 
arms with more or less velocity, according to the strength of 
the steam ; in this case, also, when the steam has forced nearly 
all the water out of the vessel the steam-valve must be shut and 
the discharging valve opened for the steam to escape, and at 
the same time another valve or cock opened for the purpose of 
letting a fresh portion of water from a reservoir into the steam- 
vessel, when the steam is again U) be admitted from the boiler, 
in order to force the water through the revolving arm or arms. 
The arms should be enclosed in a case, to prevent the steam or 
water being thrown at a distance*, to the annoyance of the by- 
standers, the bottom of which case may become the reservoir 
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for supplying water to the boiler and steam-vesseL The top «»f 
the steam-vt^ssel should be placed at a lower level thau ibe 
bottom of the reservoir, in order that the water may flow int^ 
the steam-vessel when the communication from the boil«»r is rut 
oft' and the steam discharged. Various modes of oj>euing jiiid 
shutting the cocks or valves are so commonly known to all 
persons conversant with steam-engines, that a descrription vi 
thcin is (|uite unnecessary. This fourth part of my said inven- 
tion is in some respects similar to the contrivance described in 
many books or machines by the name of Barker's Mill ; but in 
Barker's Mill no greater power can be obtained than what 
arises from the perpendicular altitude of the reservoir or head 
of water al>ove the place where it spouts out from the revtJvin^ 
arms, whereas in my invention the water acted u|>on and 
driven out by steam of a high pressure, which is well known tn 
pass through tubes with very little friction comj>arod with 
w^ater, a much greater power will be obtained from the samt* 
quantity of water; and as the water, after it has pa.-$sed thn>uirh 
the revolving arms, may be made to flow back again into the 
steam-vessel, to be driven through the revolving arms bv a suc- 
ceeding ])ortiou of steam, a small quantity of water mav Ite 
made to work the engine a long time. By putting flat plates 
or leaves upon the revolving arms within the case I produce a 
current of air in the manner of a winnowing machine for blow- 
ing the lire, and I do sometimes place in the flue a screw or set 
of vanes, somewhat similar to the vanes of a smoke-jack, which 
screw or vane I do cause to revolve, by conne^'tion with tlie 
steam-engine, for the purpose of creating an artificial dnui<v>ht 
in the chimney, always proporticmod to the size of the fire-plact* 
and situation of the chimney. By either or both of these means 
I obviate the necessity of a tall chimney when the engine is 
used for portable purj)Oses. 

** The lit'th part of my said invention, and that whicli i*omes 
under tin? second part of my title, ccmsists of a mode of pro- 
I>elling, drawing, (»r causing, sliips, boats, and other vesst^ls to 
pass through tlie water, winch purpose I effect by constructing 
a worm or screw, or a number of leaves placed obliquely n»iui(l 
an axis, similar to tlu? vanes of a smokt»-jack, which worm. 
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screw, or vane shall be made to revolve with great sp^ed, 
having tlie axis in a line with the required motion of the ship, 
l)oat, or other vessel, or parallel to the same line of motion ; the 
obliquity of the thread of the worm, screw, or leaves, admits of 
considerable variety, according to the degree of velocity given 
to it and speed required, and according to the power with which 
it is driven, but as a general medium I by ])reference contrive 
that the thread of the screw at its outer edge shall make with 
it^ axis an amAe of about thirtv dej^rees. This worm is in some 
cases to revolve in a fixed cylinder, in others to revolve to- 
gether with the cylinder, simiUr to the screw of Archimedes, 
but generally to revolve in the water without any cylinder sur- 
rounding it. This worm or screw mav be made to revolve in 
the water at the head of the ship, boat, or other vessel, or at 
the stern, or one or more worms may revolve on each side of 
the vessel, as may most conveniently suit the peculiar naviga- 
tion on which the ship, boat, or vessel is to be employed. In 
some cases when the screw is to work at the liead of a ship, it 
is to be made buoyant, and move on a universiil joint, at tin? 
end of an axle, turning in tlu* bow of the ship, in order that 
the screw mav accommodate* itself to the unevenness of the 
waves. And I do further declare that, in order to make the 
boiler of a high-pressure steam-engine of very light materials 
for portable purjwses, and at the same time strong for re- 
sisting the pressure*, as well as for exposing a large surface to 
thc5 fire, I do construct the said boiler of a number of small 
perpendicular tul>es, each tube closed at the bottom, but all 
opening at the top into a common reservoir, from wlience 
they receive their water, and into which the steam of all the 
tubes is uniffnl. 

** In witness whereof, I have hereunto set my hand and seal, 
this Twentieth day of Novcmb(»r, in the year of our Lord 
(Jne thousand eight hundred and tifteen. 

**IhcHAia> (l.s.) Thkvituk'k.** 

The variety and extrenne range of* inventions made 
known in this patent specification c^innot Ik3 other than 
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superficially spoken of in this chapter, including, as 
they do, multitubular boilers, expansive high-pressure 
steam, the screw-propeller, and the recoil engine. 

The absence of a drawing illustrating his claims is 
to some extent made good by reference to other draw- 
ings. Claim 1 is for an application of the pole, — 
either in a puffer or vacuum engine, shown in Wheal 
Prosper drawing, chapter xix., — to marine purposes, 
modified if necessary by the water medium of com- 
municating power in Claim 3, shown in Trevithick's 
sketch, page 371. Claim 2 is for the recoil or rotary 
engine, sketched by Trevithick, page 364, worked by 
the rush of strong steam against the atmosphere, or 
by the water medium described in Claims 3 and 4. 
Claim 5 is for the famous screw- propeller, described in 
Trevithick's letter, page 348, and includes the no leas 
famous multitubular boiler, as sketched by Trevithick, 
page 370 : as the customary puffer-engine blast-pipe 
could not be applied, draught was produced by a screw 
in the chimney. 



( 38:{ ) 



INDEX TO VOLUME I. 



-•o«- 



ACT. 



A. 



Act of Parliament, 10'). 

AhMiHALTV, 162, liiU>, 2^»2, :VJ1, 324, ^50. 

Am-iTMi', :\:\, 47, fio, 152. 
Aldkii, Captain, 2l«». 
Am>i:iih,i:, Cajjtain, 2'.>0. 
Am: axi> ('akf>*. OO. 
Ali-okt Mini:, h4. 
* Am I'M ION.* SHIP, 2*.M. 
Ai:MSTiioN<i, Mr. John*, 184. 
AUMSTUONO, Mr. JoHKiMI, 1H4. 
AiwKNir, Hi. 
ATM<«riii:uic exgixk, 4, 20, 47. 



B. 



Balaxck-valvk, 81 

liAI.LAST, 2M«», 2in. 

JUnfiku), Mr. J., 10, 74. 

ilANKH, Sir J<MK1>1I, 2\H). 

BARKiN(i Shaft, 242, 327. 
lUiiLow, Mr., 2H8. 
liAR.Ni-^s, Mr., 2r»l. 

HKKRAIXn>NK, .'{.VJ. 

BkHiIITon, Mr., 2l». 

Bkll, Mr., :w;o. 
iw:m>)wh, ir>y. 

JJKNr»y, Mr., 197, 230, 240. 
JiKN.NFrr, Mrssru., 2kh. 

IlKN.NKTTB, Mr., H3. 

BiLU Mr., 233, 234. 

JiL.\<KKTT, Mr., 84, 172, 183, 18:>, 180, 
IIHJ, 205. 

lii.A<:KWAU^ 241. 

BLAKr-I'll'J^ U2, loH, 111, 1 25, 137, 143, 
152, lliM, 103, KWJ, 175, 178, 11M», 2oy, 

♦>•»! 

* Hlazi.1:,* f;fN-imm, 242, 327. 

Bm.nkinmH', Mr., 2«»8. 

JJr.KWi;TT, Mr., 34o. 

Blytii, Mr., 2y3. 

lk>ll.KR, 3, 5, 7, <», 10, 11, 22, 24. 51, *»n, 
1»2, 04, 123, 1.34, 145, 140, 15(>, 152, 
101, 178. 179, 199, 2lo, 221, 225. 357. 
358, 301, 301, 300. 30*». 371. 



CLARKE. 

BoLiTHO, Jamrsi, 61. 
B<k>th, Mr., 373. 

]k>RKU OF RO(!K, 239. 
Ik)RIN(i MILL, 130. 
liORLASE, 4, 20. 
liORN, 52. 

I^)U(iH, Mr., 240. 

BOITUKINF., 321. 

liorLToN and W.vtt, 30, 32, 39. 
BOWDEYS, Mr., 233. 
Braokenhury, Mr., 299. 
Braitiiwaite, Mr., 212, 283. 
Bramah, Mr., 358. 
Branch, William, 99, 106. 
Bra.ssev, Mr., 203. 
BuiixiENORTH, 242, 300. 
Brown, Mr., 178. 
Brunei^ Mr., 218, 282. 
BlTDDLE, Mr., 251, 207. 
Bitihif:^ Mr., 21, 23, 90, 150. 
Bum Mr., :J4, 39, 57, 59, 01, 120. 
BrLLAN Garden, 25, 28, 33, 47. 
BroYs, 204, 297, 3(M). 
BrsHEU 107. 
BrxT, Mr., 209. 

C. 

CAlk»osE, 290, 3o8, 345. 
(.'AL'WON, 200, 273, 302, 313. 

(\\MIU)RNE, 41. 

Camim>rne Vean, 97. 
Cannon-shot, 304. 
C\Rl>>osE ENGINE, 21, 23, 24, 33, 36. 
Carnhell Green, 23, 88. 
('artwkh;ht, Mr., 251. 
Caiaitlt, 370. 

(.'.\TAKA<T, 28. 

•('.\TrH-ME-WH(M'AN,' 192, 218, 23.5, 273, 

301. 
Caw LEY, Mr., 24. 

Chacewati.k en<;ine, 3o, 43^ 45, 48. 
Chain siayh, 317. 
Chapman, Mr., 249, 25o. 
Chaulton. Mr., 26'.». 
(LARK, IIknry, 72, 90, !«9, llo. 
Clarke, Mr. Hype, 237. 



384 



INDEX TO VOLUME I. 



CI.AYFIELD. 

Clayfield, Mr., 112. 

COALBUOOKDALK, 23, 45, 113, 155, 172, 

324. 
COAL-UFTINO ENOIXE, 296, 306, 324, 330, 

334, 345. 

(kXJIIRANE BOILER, 350. 

CoCKBURN, Mr., 291. 
CoCKSHOTT, Mr., 296. 

COLLIEIW, 291. , 

Colli NGE, Mr., 358. 

Common koad ixxx>motive, 103, 107, 136, 

140. 
Competition, 96, 157, 158, 166, 170, 219. 
Ojxak River, 15. 
Condenser, 46, 94, 134, 336. 
COOKINd BV STEAM, 308, 345. 

Cook's Kitchen, 33, 50, 90, 92, 94, lol, 
120. 

(X>PI»ERHOUSE, 34. 
COI'I'ER ORE, 30. 
Coi'I'LEI) WHEELS, 178. 

Cranks, 20, 36, 48, 49, 92, 101, 335. 
Crawsiiav, Mr., 172, 175, 179, 187. 225. 
Crenver and Oatfields, 70. 

< .ROWLISS, 15. 
CRrSHIN<J MILL, 135. 

CrfiNOT, 206. 

CrRTis, Sir William, 229. 

Cylinders, 7, 33, 48, 92, 135, 139, 141, 

153, 159, 160, 189, 196, 211, 214, 226, 

240, 335, 337. 
Cylindrical boiler, 92,94. 97, 358, 364, 

3<;6. 

D. 

Damter, 167. 

I)ARLIN(iTON, Mr., 83. 

Davey, Captain William, 159. 

Davy, Sir Htmi'IIRY, 112. 

Day, Mr., :)57. 

DEDirNSTANVlLLE, Lord, 8, 103, 110, 112, 

326. 
Dennis, Mrs., 72. 
Derbyshire, 85, 157. 
Deverill, Mr., 240. 
Diagonal tlankino, 3o5, 315. 
Dickinson, Mr., 285, 294, 296, 328. 339, 

341. 
I)iN<; DoN«i. 60, 67, 72. 
Dixon, Mr., 229. 232. 
Dock, 3o2, 309, 313. 
D<>l/v)ATH, 8, 18, 19, 20, 21, 22, 24, 28, 

30, 32, 33, 36, 38, 40, 72, 86, 91, 95, 

99, 324. 

DoNKEY-EN(iINE, 306. 

IK>nkin, Mr., 358. 

Double cylindkr«, 92, 98, 135, 226, 335, 

3.S7. 
Dredoer, 144, 197, 229, 239, 241, 243. 



GRAXD. 

Driving wheels, 136, 142, 149, Ida, 214, 

216. 
Dudley, Lord, 171, 227. 
Duty of engine, 43, 225. 



I- 



East Pool, 67. 
East Stray Park, 30. 
Eccentric, 100, 134. 
Edwards, Mr., 9. 
Edwards, Mrs., 88. 
Ellis, Mr., 175, 190, 221. 
Engines at work, 36, 43. 
Enys, Mr., 69. 
Ericsson, Mr., 212. 
Eustace, Captain, 58. 
Eustace, Wiu.iam, i»7. 
Euston Square, I4:i. 
Expansion, 372. 

V. 

Fairbairn, Mr., 216. 
Falmouth, 248. 
Falmouth Packet, X\9. 
Farey, Mr., 197. 
Feed-K)LE, 100, 125, Mir*. 
Feed-water, 26, 125. 
Felton, Mr., 140. 
Field, Mr., 354. 
Fighting ship, 289. 
Fire-bars, 143. 
Fire-bridge, 209. 
Fire-engine, 162. 
FlRt>SHIP, 321. 
FU)ATING dock, 302. 

Forge engine, 177. 

Forked connecting rod, i:iG. 

Four-way (xxk, 81, 94, 97, 12.\ i.'U, 178 

354, 366. 
Foxes, Messrs., 65, 159, 364. 
Friction band, 246, 331. 
Fulton, Mr., 360. 

Gearwork, 6, 7, 8, 24. 

Gix>L0GiCAL Society, 373, 374. 

Gilbert, Davies, 63, 80, 103, 117, Ifijl, 

191, 269, 296, 299, 343, :U4, 354>, 373. 
CiLANViLLE, Captain, 96. 
Globular boiler, 51, i:W, 20^. 
Glynn, Mr., 84. 
Gordon, Mr., 354. 
Gould, Mr., 159, 248. 
Government, 227, 240, 241. 
Grand Junction Canai, .348. 
Grand Junction Railway. 212. 



INDEX TO VOLUME I. 



Griff EiioiHB, 4, 17. 

Obip, 138, ITB, 196. 
flROBB, CapUiD S., ei, 98, 212. 
OmLMiRD. Mn., 193. 
Ouhdrt, Mr., 324. 
Gdiuiev, Mr., 140, 191. 



H. 

Hackwortk, Mr., 188. 

Hallahasin, 32. 88. 

Hall's condi^nblr, :i3T. 

HAur., Mr., U3. 

Hamblt, Jauis, iii. 

Havblv, Sami-kl, 106, 293, 355. 

HaRvlv, Mr. Hi^SRV. lil, 23, 4t, 64, 87. 

109, Ul.artS. 'J92, 311. 
Havrlvh. Mr., 1»4. 
Hawkimi, Sir C, 34.1, 344, 347, 354. 

tfAKTIIORNK, Mr,, inn, 

HaZKLAinK Mr.. 240, 352, 368. 

Heaush, Mr,, 276. 

HeaIVe-IiOilkr, 92. 

HencET. Mr, 188. 1»6, 201. 

Rii:swii»u, Mr , 38. 

Hemanp, 60, 91, 352, 353, 354, 373. 

Rtoii PRCWITRR, 63, 65, 86. U». 122, 124, 

149, 166, 238, 
Hill, Mr., 170. 
HocKisii, Mr. S., 9.1, 
Hotmn, Ui|>taiii. 54. 25i. 
Hoii.ANn, 3.'>li, 
HOUFKAV, Mr., 117, IflO. 162, 16H, 177, 

179. V.i\ ■i-if. 231,234, 

Homni.lTAI, I-VLIKDKR, 132, 142, ISI, 

1S.S. 
HORKRUIWKR, .10, 39. 4\ 57, 62, 100. 
HoRTi.y, Mr., 357. 
HiaiKiMit. jAUia, 93. 
HiHKiNd, Mr. John, 212. 
Hl'KTKH. Mr., 51. ,15, S2, 120. 



iLLDUi, 339. 

laCLnr., 109, 117, 163, 182, 314. 
iKXpunp, 2; boiler-pliU, 10; bin, 10; 
■blpt, 303, 310, 319, 318, 335. 



Jack>u:<. Mr. 


■l*« 


Jurrur. Kict 
Jeffrt, Wiu 


AR», 


jELLtm. Mr., 


/BR 


JnnKK. Mr.. 367, 


.>i><f»ji, tlf.m. 


7'1. 


VOL. I 





Keeu, 31T. 
KiBBAL, 93, 98. 
: Eheebohe, 56. 



Labdreb, Dr., 303. 

Law proceediho^ 39, 41 

Lean, Mr., 70. 

Letteiu, — Amutrong, Ur., 164, April 10, 
1870; 184, Maj 10,1670; Bcndr, Mr., 
240, Not. 8, 1640; DlckJiuon, Mr., 296; 
Ellll, Mr., 174, Ua]' 15, 1854 ; 174, Jnii* 
22, 1654; 221, Jdd* 32, 1854; Oilbert, 
Dnriss Mr., 350, 3u]j 18, 1815; 373, 
Dk. 31, I8I5; 117, April 39, 1839; 
Harrrj, Mr. HeoTj, 341. Jaoa 1, 1610; 
Hawkim. ^,r r., ^17. April 7, 1813; 
I 27, 1847; 
1836; Uom- 
I, 1804; 233, 
M«r 31, 1807; 234, 'Ajiril 23, 1608; 
LUwtlljro, Mr., 176, Nov. 24, 1855; 
NtwtOD,Ur.,342,Frb.^8,1870i Smith, 
Mr.. 354, Feb. 29, 181i!i 356, Juir 26, 
1816; 357, Aug, t, 1816; Steel, John, 
393, April 20, 1810 ; Trerith[ck, Riclunl, 
112, Jim. 16, 1602; 153, Aug. 33, 1803; 
156, Muj 2, 1603; 159, Feb, 15, 1804; 
160, Feb. 20, I8i>4; 161, Feb. 33, 1804; 
166, March 4, 1804; 168, March 9, 1804; 
321, Oct. 5, 1804; 323, Oct, 20, 1804; 
.1^4, Jan. 10, IKOS ; 327, July 23. 1809 ; 
2;)3,JuDe 26, 1807; 33:1, Sept. 11, 1807; 
2J2,ADg. 38,1807; 354, Aug. 11,1807; 
353, Sept. 13, 1807; 259, Jan. .'i, 1806; 
364, Feb. 3, 1808; 193, July 2K, 1808; 
^■73. July 28, 1806; 298, Jan. 30, IHIO; 
299, March 26, 1812; 343, March 26, 
1612; :«44, March 26.1812; 246, Feb. 4, 
1613; 364, Mav T, I8I5 ; 367, Maj 
12, 1815; 370,'May 16, 1815; 353, 
Not. 30, 1815; 374, Jan. 3, 1819; 353, 
Feb. 2,M816 ; ViTian.Capt. Andrtw, 1 13, 
Jan. 16, 1802; 114, Feb. 23, 1803; 115, 
March 23, 1802 ; 229, Uaj 33, 1805 ; 330. 
July 1, 1805 ; Wait, WillUm, 337, Sapt, 
7, 1815 ; Wyatt, Mr., 357, Dec 30, 1807. 

LlMEHOI'lE, 293. 
, LLtwELLrN, Mr., 176. 
I Luirn't, 389. 

LncKt; Mr., 313. 
' I.OC1AK, Dr., 344, 422. 
. I,»NI)UN LncokOTiVK, 158, 192, 198, 373. 

London katpjiworm, 59. 

LORDITVDiyAL TIMREM, 193, 216, 373. 

Lord Mator, 30i. 

Tjiw PRDBi'Rr., 122. 12.1, 149, 170. 

2 r 



INDEX TO VOLUME 1. 



ItfABEULET, 39. 

Man and ura Man, 56. 
Uaboate, 297 

HabkktABLB KxaiXE^ 387. 

HABa)[ALL, Mr., 354. 

JdARTIN, Mr., 195. 

Naotsopikos, 3W,Sfla. 

MaumlaY, Mr., 300, 355. 

Meluneak mink, 10. 

JriELviLLE, Lord, 200, 315, 322, 324, 354. 

llBiriii.Ai-«, Mr., 176, 178. 

UbITTAI. OAtOCLATIOM 53. 

itaa-EY Ur 354. 

Ubbtovr Tvbro, 140, 174. 

Meui's Bbewebt 142. 

M11J.ER, IUtsiok, 359. 

Mnj-ffr, Mr^ 90. 

UlLU, Mft 352, 353, 354, 356, 357. 

lilHEtiAi. WATEn, 15. 

Him EH, SS, 30. 
HraiNo, 37, 41. 
MITCHE1.1, Mr^ 120. 

MOPEL, 11)3. 
HOJUCITL-II, 372. 

Mubeio.v Houei:, 65. 

Moitu.lD. Sir Saih,-ei, 69. 

Mules, 10. 

MdbdOcx, 30, 64, Gfl, 108, 124, 146. 

N. 
Saoiych, Mr., -t55. 

NAiraiCAL LAOOURt^R. 334. 
Natv Boakd, 290, 347 

Kbath Abbrt. 165. 

KEITCAtTLK-UFON-TTMl!, 172, 293, 325. 

HEiraoHKN, 3, 4. ^:t, 24, 337. 
Wkwtos. iSf., 108, 342. 
fiicaoLLB, Okobhb, 2SI8, 
KicaoiKiN, Mr., 116. 
SoRTn CHomr. 8. 

XOVELTY, 212. 

Ni;ilBEiwor«iigiaeii, 23ti. 

O. 
Oath, Jamrs, liHi. 
Open-top crLixDEiu, 3.1i>. 
Okiuatinq ctli-ndkiu, 135. 

OUIBiriE CVU.SUERS, 214. 
OVAI.TCBF, 104,336. 

I'. 



Parallel motion, 43, 221, 225 

Parts ERflU IP, 145, 227, 

Patent law^ 228, 232. 

Patenw, 12B of 1802 ; 285 of 1 808 ; 3iH 
of 1809; 329of 1M08; 375 of 1815 

Peel, Sir Robert, 203, 216 

Pii!<s, Mr, 298, 301, 342, 354, 356. 337 
I Pbsponcb, 41, 52, 340, 
I Perceval, Mr., 315. 
I PERr, 353, 354. 
I Petheeiok, Mr. JoHS, no 
J PicKEBlNS, Mr., 295. 

Piles, 273, 

PlHCEB^ 9S. 

I JiffTON-Mtl UOlDE, 134, 

Pitt, Mr., 332. 

Pura-BOD, 27 

Pldsgkb-pole Pump, S7, 72, 135. 

PiniocTH bAhoe, 242. 

PoLE-ESaiXE, 371, 375. 

Pool mine, 4, 8, 47. 

POOLV WlLUAS, 91, 

Portable engine, 345, 354. 

post-cuaibe, 117, 

PowEK of engine, 46, 48,86, 119, 15" 161 

164. 166, 225, 372. 



.-, r;i(;ll 



7,348. 
11. 366. 



l'i:i\ci. Wii.M.vM Henby, 67, 73, 90 

Pii'WM.ii. W)I^;A^ :i43. 

I'HVCE, Mr., ^'4,29. 

PtrpFER-E.'sai.VE, 90, 92, 95, 109, 12y, 323, 



Rabev, Mr,, 231. 238. 

ttADroRii, Mr 104. 

Rao-and-chain vuur, 2. 

RailwaV, 192, 196, 254, 273, 

Kaefe, Mr., 3d. 

Raotrick, Mr., 196, 210, 271, 276, 283 

352,387 
Redritii, 146. 
Reefino ».tiLS, 317, 319. 
" es'b ClciaPiCDtA, 235, 243, 

i.iirn:i, 41. 

vv.i Mv ;>iL> 245, 249, 251, 283 



INDEX TO VOLUME I. 



Itt'E, Jous, 177. 
Eo(iKR«,Mr».,148. 

lltftKWAM. 00. 

I^JSEWAOBt:, I)r., 340. 

EQBttEAR,3o,a2, ya. 

Itl>TAKI- EXOIM-E, MB, ^6*, 367, a 
BimuuiHlTRB, 382, 393. 

K<>wi:,ISaiiui:l, 106. 
ItuwiN'i t:.v(tisr., J07. 
t. Mr., aw. 



lil*M. 



;, Mr., M! 



UJ. 



», :t4,i, ;I4W. 

Mw, .UMHa.!i9, 10 
h:, Mr., SOa, 29*. 

lii:^ Mr., 2ie. 
, .'>2. 

.Hi>M>t, 9. 



r, :i81. 






•, ;tt>9, :i 



m, .'iiifl. 
Skklv'h i-riiK, 300. 
jStuHMttLxiMMNK, :i:t, 31). 

tiHCt.l.A.'iU. 90. 
Sii(i--li(;iuit!«l, Mi, 31J. 

Stills Mi, xa. 

HWH) lit 1IU1.N, :tl>4, MO, UllI, 320. 

Sitijq Of H'lU, ri'M. 

SllllAI-KCI.I, t.ifiim.'ril., 37U. 
.>!|Ni.1.AIR, Sir Juu.1, 343, MA, 347, 360. 
.SiNii. Mr., :Hi7. 
.Skkatom, ^:i. 4.i, «4. 
.■-yiii^. ^rr., .'I.: 

Smrii! Mr., IB7, ;(j.t. 354, 357. 



34 


.:U7 . 


'.It 


I.-.M, 


l,-.!i. 


W3. 






Stka 


K-l-IUM 


.1 


:''' 


:!, 3 


4. 






Stku 




t, 1 












Htka 


133. i; 




:t,7 

wi. 


2fi, 
I«3, 

:(«4. 


.'!». 43 

J 14, : 
:ki.:. J 


47 

J4, 





.•^ItAH-l-l'VI- 


;m 












.Sri:iH.«tNr- 














Srtt; 


^.lOHN 


l» 


,'it». 


331. 


3!l3, 


W, 


M 



' STEPUtSBOS, 175, 188, 190, 301, 803, 
: Stodart, Mr., 251, 2B7. 

Sthattan, Mr., 338, 358. 

SrniY Pa,iik, 56, 95, B7. 
' StrEngtii, 54, 55. 

I SritOKts ly A MiSL-TE, 4, 8, 24, 45, 47, 
I 160, 225. 

I Stuart, 39, 122. 

Srij-jriROBox, ;i75. 

ScS-ASD-PUNlrr WHEEUJ, 93, 122, 150. 

- SrNKWHie<.'i(,298. 
Surface cukoenbkie, 336, 363. 
SrmisGTo:), Willum, 359, 363. 
SrHOXii, Mr., 73, 131j. 

T. 

• TaNIW, 3N5, 389, 393,294, 399, 300, 302. 
1 Tavleu, Mr, 359. 
TaTUIR, Messrs., 82. 

Tl:)(TOI(AIIY FllXCt-fCliP, 70. 

Tt8T-IIOLE, 3,".7, 261. 
j TkaMKs DriftwaT, 249, 257, 260, 263, 
I 266, 2T,'(. 

' Tiluu.u, CnptaiB CUAALb^ Jun., 93. 
' ! TllonAS, Mr,, 293. 

j Tu'llF.-TIX,-,«. -Ml, i^. 

' Ti-t Ciiorr, 57, 

I Tni rrRKfcMiNo, 1, 11. 

I TlPPCT, Mr., 99. 
TllAHRoAD-EiiaiNE, 152, 160, 17H. 
Tbeascht, Wheal, 30, 82, 39, 57. 
Tbenetkick Wuod, 80, 81. 
Trevjthick, Mr«T 64, 239, 292, 298, 300, 

327, 339. 
TREvrTHicK, R., Joa., 287, 339. 

Tkkvithioi, Sen., 8, 17, IK, 19, 21, 22, 
23, an, 30, 31, 32, 38, 40, 43, 50, 57, 62, 
64. 
Thisitt bo ABO, 246, 258. 
I TiufrrtH, Mr„ 359. 

Tum;i.*R i«>it.Fii, H, 11, 51, 9S, 135, 211. 
I UK. ;ir,;l, .ir-B, 363, 370, 373, 374. 



AT. 3111, .321, 324, .127. 341, 343, 



I, 345, 349, 354, 370, 



Trssw, 144,273, 

TwuH, Qpnenl, 376. 

, TvAOK, Mr., yl, 106, 



I'viLLK, Mr., 367. 



388 



IXDEX TO VOLUME L 



TACCOI. 



V. 



Vacucm, J, 45, 47, lo-), 1^ 2*Zd, 337. 
Vallet pcffee, 92. 
Vallet smtths' shop, 51, 99, 110. 
Vazie, Mr., 249, 257, 259, 261, 267. 

VE5TILATI03C, 21, 22, ^-S*. 

ViGUBd, Mr*., -293. 

VnriAX, Capuin Andrew. 54, 95, 107, 111, 

138, 141, 145, -228, 234, 324. 
ViviAX, CapUin Henry, 53, 96, 14*^ 238. 
ViviAX, Captain John, 142, 239, 245. 
ViviAX, Capuin Jo8EPH, 9. 54, 73, 91, 95, 

99, 109, 142. 
Vivian. CapUin Nicholas, 97, 108. 
ViviAy, HtXRr, 95, 111. 
VrvTAS, John, 55. 
Vivian, Mr. J., 95. 
Volunteer, 327. 
VrvYAX, Sir Richard, 14*i. 

\V. 

WADJi*j-V, Mr., 281. 
ViAGKS, 35. 
Walford, Dr., 339. 
Wapping, 282. 
War ships, 288. 
Wasbrough, Mr., 36, 48, 49. 
Water, 287. 
Water ballast, 291. 
Water medium, 371, 378. 
Water on piston, 7. 
Water-pressure engine, 69, 73, 81. 
Waters, Tommy, 183. 




Wattite^ 156. 

Werh BonxR, 9. 

Weubh UXXnfOTITE, 181. 

Weslet, Ber. JoH:f, 41. 

WEffTOABTB, Mr« 84. 

Weot, Joes, 97. 

West, William, 62, 64, 103, 105, 14.i. 

145, 226, 233, 234, 237, 282. 
Wheal Abraham, 97. 
„ Chance, 30, 32. 

,, CU)WANCE, 74. 

Druid, 73, 76. 
Hope, 90. 

„ Maid, 91, 93, 101. 

,, Seal-hole, 90. 
Whims, 20, 90, 91, 92, 94, 172. 
Whinfield, Mr., 183, 185. 
Whitehead and Co., 104. 
WiLa)X, Mr.. 251. 
WiLLiAJfS, Messrs., 65, 159. 
Williams, Stephen, 107. 
WiLBON, Mr., 149, 173, 188. 
Windmill, 62. 
Wood and Murray, 237. 
Wood boiler, 149. 
WooDCROFT, Mr. Bennet, '232. 
Wood pump, 2. 
WooLF, Arthur, 19, 21, 24, 90, 106, 107, 

116, 141,350. 
WooLF, Richard, 34. 
Worcester, Mar4ai8 of, 2. 
Wyatt, Mr., 259. 
Wylam, 172, 185, 196. 
Wylif., Mr., 186. 



Y. 



Yacht, 327. 

Yards of iron, 304, 362. 



END OK VOLUME I. 



lONPOS : rWKTKO M W. CLOWM AXP W>KJ». WAMKORP &TKKKT AXP CHARIICO 






E. & F. N, 8P0N'8 RECENT PUBLICATIONS. 



Demy Svo, cloth, with Plate*, 7«. 6<i. 

HEALTH AND COMFORT IN HOUSE BUILDING ; or, Ventilation 

with Warm Air W Solf-Aotiog Suction Power, with Experiments. By J. Dbtbdals, 
M.D., and J. W. Hatwabd, M.D. 

8vo, oloth, Second Edition, illnstrated by Twelve Folding Plates, 12f. 6d. 

YACHTS AND YACHT-BUILDING ; being a Treatise on the Con- 

stmction of Yachts and Matters relating to Yachting. By P. B. BIabett. 
Seventeenth Edition, Bevised and considerably Enlarged by the Author, royal 32mo^ roan, 6i. 

MOLESWORTH'S ENGINEERS' POCKET-BOOK.— POCKET-BOOK 

OF USEFUL FOBMUL^ AND MEMOBANDA, FOB CIVIL AND MEGHANI- 
GAL ENGINEEBS. By Guilford L. Moleswobth, Member of the Institution of 
Civil Engineers, Consulting Engineer to the Government of India for State Bailways. 

Crown 8vo^ cloth, illustrated with Forty-eight Plates and numerous Wood Engravings, ISs . 

ELEMENTARY PRINCIPLES OF CARPENTRY. By Thomas Trkd- 

GOLD. Bevised from the Original Edition, and partly Be-writtcn by John Thomas 
Hurst, C.B. 

Just published, super-royal 8vo, cloth, with 212 Engravings, 25f. 

A PRACTICAL TREATISE ON THE CONDENSATION OF STEAM. 

By N. P. BuROH, Engineer. 

Crown 8vo, cloth, It. 

HOW TO PUBLISH A BOOK, being Directions and Hints to Authors. 

By Erneot Spon. 

Crown 8vo, cloth, with Wood Engravings, 6f. 

IRON AS A MATERIAL OF CONSTRUCTION, being a Conise of 

Lectures delivered at the Boyal School of Naval Architecture, South Kensington. 
Bevised and Enlarged by William Pole, F.B.S. 

Second Edition Enlarged, G4mo, roan, gilt edges, It. 

SPONS' TABLES AND MEMOBANDA FOR ENGINEERS AND 

OTQEBS. By J. T. Hurst, C.E. This work is arranged specially for the convenience 
of Travellers, Engineers, Architects, Surveyors, and Scientiflo )lcn generally ; and is 
so small, measuring only 2| in. by 2 in. by | in. thick, that it may bo easily carried in 
the waistcoat pocket. 

Second Edition, crown 8vo, cloth, illustrated with numerous Wood Engravingl^ 7i. 6<i. 

THE ESSENTIAL ELEMENTS OF PRACTICAL MECHANICS, 

based upon the principle of work, designed for Engine^ng Students, by OLina BTRini, 
formerly Professor of Mathematics, College for Civil Engineers. 

8vo, cloth, illustrated by 25 Folding Plates, 12«. 6d. 

NARROW GAUGE RAILWAYS. By C. E. Spoonkr, C.E., F.Q.S. 

Crown 8vo, cloth, 3$. (jd, 

A HANDBOOK OF SEWAGE UTILIZATION. By Uuck Ralph 

BvRKi, Esq., Barrister-at-Law. 



London : E. & F. N. SPOK, 48, Charing OroM. 
New York : 446, Broome Street. 



E.4r. ILSPQSTS 








*Ti.*tf ly . f£i;K» if 'Hat 1 n* if JLaifUfer-'ss of a* Aarj i€ aif O 
iai£ *nm;Ci:-i fr«in. lfff<r*.u ifiinrk -x ':aif '.fSeeB if 'Skt Sivy -rf 

C^ti^~i'- wa*i -"TutT" Xzcr:i»*-s' if ax; !■ iii < ■ ii r if sik €v£ if l^rvr^ af tke 






TRF MrSTSG AXI' MZTiXLULGT OF G^JLD AXT) SILVER. 

Br J. A i ■ » ■ - r iZLiz?s. ITtttt Fn'nr-?g 



ox THE STREXGIH OF BEAlES. 0:>LOCSS. AND ARCHES. 

SBT zi^jz. se-Qjc :£ Br*::. CLizii zr JLr:i, is. Ca^c faai- Wr:«:Lx Irox, or SteeL 
Bj KBaxul 

THE PRACTICAL MANTTACTUEJE: OF POETLAXD CEMEXT. 

Bf UorsT Rizz*. C.E. T^ -mijei. -m «fc€&iei a Tn-AtiTi feco ILe GeiULin of 
M. A LiF«j«Tiz'i Week :a P:g'..-^rii C-cCirrls. 



A PEACTICAL TP.EATISE OX COXCEETE AXD HOW TO 

MAKE IT. With fAjoemaxm en xLs Uaei U Ccnenta^ LimeN aad llv>rtu& Bj 
UorsT Eai>, C.E. 

Sto, doth, with Flutes, 12& 6d. 

TREATISE ON VALVErGEABS, with Speckl Considenition of the 

Link MotiofM of l^jvxarAiTe Engines. Bj Dr. Gcstat ZconcK. Thinl Edition. 
JUffiaed tuad Kul^ji^, Trniul^ttd from the G<:nD&ii, vith tl^ speciml peimiasiou of 
the Author, hj yLoun. Mclleb. 

CrowB 8to, cl>th, with PUtes, 8c 6d. 

BESEAliCJIIES ON THE ACTION OP THE BLAST FUBNACE. 

hj CHAKLif Bcnixz. TraiuiUted from the Gennan by W. H. Maw and Morttz Mullse. 
fleoood EiJitkm, with PlAten and Wood EngraTinga, crown Sto^ cloth, 7«. 6i. 

THE COFFEE-PLANTEB OF CEYLON. By William SABONADifeRE. 

With an Atffiondiz, containing varioiit Eztraets and Letters from other anthority 
iiMinDg fjfi i\m Mme irabject. 



V 



London : B. 4b F. V. 8P0N, 48, Charing Cross. 
Now York : 446, Broome Street. 



